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NOTATION

The following is a list-of the acronyms, initislisms, and abbreviations (including units of
mm}medmﬁmdommthcmnymsumﬂonlymmhlﬁmdeﬁmdmthemw

tables.

' ACRONYMS, INTTIALISMS, AND ABBREVIATIONS

kitometer(s)

Committee on the Biological Effects of Ionizing Radiation

viii

BEIR
COC contaminant of concern
CcU confirmation unit -
DA U.S. Department of the Army
- DOE - -USDepm'nmmoannrgy B

- EEB/CA engineering evaluation/cost assessient
EPA U.S. Emvironmental Protection Agency

- EPC £xposure point concentration
HI hazard index -
HQ hazard quotient
IEUBK - Integrated Exposure Uptake Biokinetic
MBC Missouri Dep-arunent of Conservation
RFC reference concentration '
RFD reference dose -
RI/FS remedial investigation/feasibility study
ROD _Record of Decision -
UCL upper confidence limit
VP vicinity property
WL working level
WM working level month
UNITS OF MEASURE
cm centimeten(s) - m° square meter{s)
cpm count(s) per minute m’ cubic meter(s)
d day(s) . MeV ~mogaclectron voli(s)
dL decaliter(s) mg milligramy{s)
i square foot (feef) mi mile(s)
g gramfs) mrem i tirem(s]
h hour(s) mo - meonth(s)
ha hectare(s) pi . picocurie(s)
in. inch(es) KE - microgram(s)
kg kilograni(s) yd’  cubic yard(s)
km T - year(s)
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POST-REMEDIATION RISK ASSESSMENT
. FOR THE CEEMICAL PLANT OPERABLE UNIT,
WELDON SPRING SITE, ST. CHARLES, MISSOUR]

1 INTRODUCTION

Thie U.S.Dwm@mt-ﬁEw_@OE}hmﬂeﬁngﬁumdmmww
soil and structural contamination st the Weldon Spring Site Chemical Plast A Record of
Decision (ROD) stipulating the remedial action was approved in 1993 (DOE 1993). This ROD
ﬂmnqﬁmdhtaﬁﬂmmthpmfmmdaﬁﬁﬁﬁﬁl&mmhuhen'muq&hdm
i&mﬁfypohnﬁﬂmsiduﬂﬁsklw:hﬂaﬂmhmsiﬁmthgMﬂnmmgwdhg-ﬂm
site. This report presents the results of the risk caleulations performed in fulfillment of this

The Weldon Spring Chemical Plant is located in St. Charles County, Missouri, about

48 km {30 mi) west of St. Louis (Figure 1.1). The Wekion Spring site is composed of the
Chemical Plant and a quarry. The quarry is located about 6.4 km (4 mi) south-scuthwest of the
Chemical Plant. _ . :

: Remedistion of the Weldon Spring Site is being addressed through four operable ugits,
consistent with Comprehensive Environmental Response, Compensation, and Lisbility Act
(CERCLA)requhcmmThcﬁmOpaabkuniL&eQumBu&Wmopmabhmh.m
completed in 1998. The second, the Chemical Plant operable unit, which is the subject of this:.
report,isaboutmbe-;umleteiﬁathhdmdfmr&upmabhmi&mm;uingmﬂaﬂdrmﬂw
remainder of the contamination at the quarry area-afier bulk waste removal and remediation of
the contaminated groundwater at the Chemical Piant Area, respectively. '
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FIGURE 1.1 Location of the Weldon Spring Site




3
2 BACKGROUND

The Weldon Spring Chemical Plant is an 88-ha (217-acrc) area that previously included .
“huﬂdingsAmfﬁnaﬁpiﬁ,meds(AshPondmdFmgPoud),defnmdm'm -
(nurﬂl&unqaandsomhdum)(ﬁgumz.l).m“fﬁnmﬂsmwmdaboutlﬂha(!ﬁa:res)in
ﬂ:ewuﬂxwestwrﬁonufthesite.l‘heﬁsh?ond,whichwulncmdinﬂ:emﬂzwcmmpnrﬁan
of the site, covered sbout 4.5 ha (11 acres), and the Frog Pond, which was located in the
northeastern part of fhe site, covered ‘sbout 0.3 ha (0.7 acres). In sddition o these areas,
13 vicinity properties (VPs) were also included for soil remediation. Four other VPs were
remediated previous to the approval of the ROD. The VPs are located at the adjacent
U.S. Department of the Army (DA) Ordnance Works Area and the Missouri Department of

Congervation (MDC) areas (Figure 2.2). These VPs are listed in Table 2.1.

- The temedial -investigation/feasibility -study (RUFS; DOE 1992a.b,c) conducted to ..

support the ROD of 1993 identified radiological and chemical contamination in the soil and
structures at the Chemical Plant and primarily radiological contamination in soil at the VPs.
. Table 2.2 gives the contaminants of concern (OOCs) and cleanup stendands identified in the

~ ROD (DOE 1993). '

" The remedial action contsined in the ROD stipulated that the sludge from the raffinate
pits be mudydmdch:nﬁcaﬂymhﬂiudmmﬂiﬁndmdmummﬂmwdwﬂﬁumwc
locations, including the Ash Pond; Frog Pond; the two dump arcas;, arcas surrounding the
44 buildings, including building foundations; and at 13 VPs be excavated. This was
accomplished through work packages that cstablished various work zones such as those shown in
Figure 2.3. '

Two of the 13 VPs, that is, DA 4 and MDC 7, make up the Southeast Drainage. This area
was addressed as a separate removal action. An engineering evaluation/cost assessment (BE/CA)
(ANL 1996) was prepared to support the removal action that was completed in 1998,

The Chemical Plant ROD (DOE 1993) also stipulated that all site-generated waste
materials (including the quarry bulk waste) be permanently disposed of in an on-site disposal
cell. The desipn and construction of the om-site engincered disposal cell were primary .
components of the remedial action. ' '

The raffinate pit shudge was chemically stabilized and solidified by mixing fly ash and .
portland cement to produce a grout that could be placed in the cell for permanent disposal.
Approximately 93,000 m® (122,000 yd®) of shudge was treated, and 142,000 w® (186,000 yd*) of
grout was produced foi placement in the cell. S .

The intent of the soil remedietion for the Chemical Plant Operable Unit is to meet the
ALARA (as low as reasonably achievable) goals identified in the ROD {DOE 1993) and
presented in Table 2.2.. The remediation was designed to remove all so0il and shudge containing
contaminant concentrations greater tham the ALARA goals. Contaminant concemtrations




FIGURE 2,1 General Layont of the Weldon Spring Site Chemicsl Plaat hefer the Remedial
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FIGURE 2.2 Locations of the Weldon Spring Site Vieinity Properties
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TABLE 2.2 Radionuclide and Chemical Contaminant Cloanup Standards

Surface®  Subsurface?

Dackground ALARA Criteria  ALARA _Criteris

Radionuclide (pCi/g) .
Radium-226°4 1.2 50 6.2 50 16.2
Radivm-228¢4 1.2 5.0 62 50 162
Throium-230¢ 12 5.0 6.2 5.0 162
Thorium-232° 1.2 . 50 62 5.0 16.2

Uraniym-238 12 30.0 §20 I 120

Chemical (mgfkgy = . . o -
Chromium (total) 36 % 10 110 1,110
Chromium V1 - o 100 106 1,000
Lead 34 240 450 450 4,500
Thallium 16 16 20 20 20
PAHS! Coo. 0.44 5.6 5.6 56
PCBsk - 0.65 8 B 80
TNT - 14 148 140 1,400

2 .Valuns lutedformrfanemlsappiyﬁuommmuonmﬂnntheupperlﬁm
{6 in.) of the soil column.

b Vatues for the subsurface spply to contamination in soils below 15 om (6 in.)
unless otherwise noted.

¢ Ifboth thorinm-230 and radium-226, or both thorizm-232 mdradnnn—zzs are
pmmtandmtmuculweqmlibnum,mechmupmmnmapphﬂfnrme
mdlﬂnuchdumﬂithﬂluﬁnrmnm

d  Atlocations where both radium-226 and radium-228 are present, the cleanup
ceiterion of 6.2 pCi‘g (including background) in the top 15 em (6 in.) of s0il,
and 16.2 pCi/g (including background) in each 15-cm (6-in.) layer of s0il more
than IScm{ﬁm.)hehwﬂumfwe,apphsmﬂumnfmemmmof
these two radionuclides.

¢ A hyphen indicates that background data are not applicable.

f Polycylic aromstic hydrocarbons: benz(ajanthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrenc, chrysene, and ideno(1,2,3-cd)pyrene.
' § Polychlorinated bipheayls: Aroclor® 1248, 1254, and 1260.
Source: DOE (1993). -




FIGURE 2.3 Work Zones at the Weldon Spring Site Chemical Plant
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remaining iz the final surfsce configuration would be expected to meet surface goals. Subsurfaoce
contaminint ALARA goals would be met for areas that would receive at least 15 cm (6 in) of
clean backfill for final grading purposes. ' L

_ A gamma field scan was performed immedietely following soil excavation. In general,
locations with elevated direct gamma radiation exceeding 1.5 times ambient site background
levels underwent further excavation. The gamma field scan was performed over each 100-m’
(1,080-f%) grid within all comfirmation units (CUs) after excavation had been complesed.
Samples were collected on 2 grid and analyzed for contaminants determined to be sbove
ALARA goals during RI sampling. That is, confirmation samples were to be analyzed oaly for
the COCs known io exist in the particular sampling area and net necessarily for the entire suite
of COCs listed in Table 2.2. Over 400 CUs were sampled (sec Figure 2.4); generally, about
28 confirmation samples were collected from esch CU and were anilyzed in a laboratory using
approved snalytical methods (MK-Ferguson and Jacobs Engineering Group, Inc. 19986), '

‘Prior to the approval of the ROD in 1993, a serics of interim response actions was -
mmmmwmmmmmm
" interim actions were supported by 8 series of EE/CA reports. The 44 buildings at the Chemical
Plant were dismanted, and the materials generated by the dismantlement were placed in
wnmomymmmatﬁm.mmmemewm:WﬁWin
the op-site cell. - : :




'FIGURE 2.4 Confirmation Untts at the Weldon Spring Site Chemieal Plunt
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3 OBJECTIVE AND SCOPE

3.1 OBJECTIVE

L. . :
Thepﬁnmynhjmﬁveofthismpoﬁiswmtdskmﬁmamsformmsuilaﬂe‘rthe
remedial action stipulated in the ROD of 1993 for the Chemical Plant Opersble Unit is
completed. These risk estimates would be used 10 support upcoming decisions tegarding the
need for institational controls at these areas. An cvaluation of whether or not clearup standards
and ALARA goals have been met by the remedial action will be evaluated and presented in 2
separate report, -' ' .

3.2 SCOPE

" Rosidul sk cstimaics aro developed for all aress hat an within the suope of the

Chemical Plant Opersble Unit remedial action. That is, residual risks are estimated for the
various CUs that compose the Chernical Plant area (within the former fence line) and -the .
13 properties (outside of the fence line) that are designated as VPs (see Tuble 2.1). Two of the
lSpruperﬁes{DMandMDCT}mkeupﬂwSuMDm&nage.mdpnmlmpﬁsk
: cﬂmﬂaﬁumhavcﬂmadybunpedanmdunﬂmammwﬂdmmmm“
Appendix A of this report. . '

Residual risks are also estimated for DAS, Busch Lakes 34, 35, and 36 with
characterization date obtained for these aress. DA6 was desipnated as a VP requiring
remediation on the basis of initial sampling. However, subsequent characterization data
collected indicated concentration levels that did not require remediation. Lakes 34, 35, and 36
wemmtdcsignawdasWs;hmw,dﬂmobminedwwﬁﬁrthﬂmdiﬁomatﬂamlakﬁ
are protective of human health and the environment. These characterization data are used in this
report to develop residual risk estimatés for these lakes.

Also for this report, confirmation data from the Frog Pond Outlet (ie., CUJ 390) wete
combined with characterization data collected from an adjoining culvert to estimate residual risk
for this area as a whole, A preliminary risk assessment was performed for the culvert itself at the
time the characterization was completed. The results of this preliminary risk assessment
‘completed in early 2000 (Picel 2000) indicate that the potential risk to 8 construction worker or 8
visitor scenario would be within the EPA's acceptable risk range (ie., at 107 and 10°%, .
respectively). _ .

Confirmation data collected for the remedisted areas are used for estimating residual risk
in s0il. Hence, the risk estimates in this report reflect only the potential residual risk (including
inhalation of radon, see Appendix B) from the remaining soil afier the completion of the
remediation for the Chemical Plant Operable Unit; residual risk from groundwater is oot
addressed. Final decisions regasding contsminants in groundwater have not been made.




Fi]

. Risk estimates were performed for each CU (see Appendix C for results), Risk estimates
‘were also developed for beckground concentrations of the pamrally cccurring COCs
(see Appendix D). To facilitate the interpretation of the risk results, however, the risk estimates
presented in subsequent sections of this report are shown in groupings of CUs considered .
represent discrete arcas within the operable unit for which decisions might be made. These
groupings are shown in Table 3,1 Figures 3.1 10 3.3 denote the CUs that are included in the first
thrée groupings presented in Table 3.1. These groupings relate to the disposal cell area within
the Chemical Plant. _ . -

Finally, several small stroctural items such as manhole covers determined to contsin
radioactivity greater than background would also remain at the site. These items are referred to
in this report as “Legacy” wastes because they contain radioactivity that originated from the site.
Risk estimates are not derived for these items. However, a comparison io background based on-
surface radioactivity in counts per minute is discussed in Appendix E. '

3.3 ORGANIZATION OF THE REPORT
This remainder of this report is organized as follows:
»- Chapier 4 discusses the risk assessment methodology,
»  Chapter 5 presents risk characterization résults,
+ Chapter & summarizes the risl.tmsuhs,
. Chapﬁr?ﬁsmmemmmmmmnmfmﬁuﬁonpﬁmdiﬁthis
Teport, '
+ Appendix A reproduces the postcleanup risk assessment performed for the
Southeast Drainage, L ' '
« Appendix B presents the risk assogiated with the inhalation of radon-222
decay products, o
» Appendix C provides residual risk estimates by confirmation unit,

'+ Appendix D presents risk estimates considering background concentrations of
the naturally occurring contaminants of concern for the Chemical Plant
Operable Unit, and

+  Appendix E provides a discussion regarding the legacy waste items that would
remain st the Chemical Plant area. '




-eop0unoa; 30§ sBed %58 28
VN YN OE o] 1Py
YN B | VN € P e
VN ¥N PE e Qg
yadozg Anend
: poe Glseg Royezyenb wEd
i 6 OTF9TE ‘EIF- TP L6E WML RRMIERA 4100
: {  oge SHINIING poog Farg
i z ObT-6E1L 6dA
_, I 691 ol OUW-
1 1% 9 DI
L 291 . SDaW
. L £91 - ¥ 2an
| 991 £ DN -
- ¥N AN 29 V(I
I 591 $vd
I 91 £¥d
; £9! tvd
I r' G 1va
peiuadord AmmatA
PIb ‘50-90F o510 onyred Butpagous)
"10p-66€ ‘P6E-16E 6RE-baE “LLESLE TLEPIE 19E-6EE IS E-6TE ‘TLE-IE “BE-16T 'LOTLLL SUOZ BOIETIXDARLN| PUB
74 LTI mﬁéﬁ “LL1OLL I91-6ST ‘9SI-EXT 'S8 T8UB ‘L9759 TOPS ‘T6-16 'ST-1T‘61-v  Imecioog 132 18w0dip 3o IPMINQ
E__.Sq "00b ‘P6E-T6€ ‘88 “ORE-PE ‘LLE TLE-BIE OE-1EE 0TE-1 16 ‘TOC-TOT /98T 3001 GTIOZ VOISTIX/Img pum
-161 “T82 “OBT-LLT "1LT-EVET THT-SEL LTT681 "LLI-OLL “I9T-651 "9ST-EPT '65-85 955 TE ‘61mv  Wdo0] 1o pusodsip Jo spis)
. $1b ‘0T ‘SO 10k ‘66E-B6E I6E-S68 68E “LBE ‘TBE-BLE ‘OLEELE 'LIE-LEE ‘0LE-TZE OLE-C0E YIURZ DO OXI/FAFY
4 ‘162-L8T ‘182 ‘OLZ-TLT 'THT ‘PEC-BLLC "$81-TLI "8S1-LST ‘THE "BEI-UB 'LL09 LS “[6-07 €1 pue 1nshion) 50 T 510
LI IO RQWAN 0L " {nD) titn TOIRRIIgE)) TR
g Qe JUST] PPN M) Bi1A PAVIMSEY SELNY SDOLINA 34) J0J PAPRRU] HIU) SopRmIgue]) 't ITEVL
e’ . R S




- ..gﬁﬂuiﬁﬁﬁnsﬂﬂgggﬁn%gﬁgﬁﬂ 1
.Eu:J._._s_ﬁﬁE_,&ﬁﬁ.ﬁﬂﬁwm%nﬁaéuaﬁﬁxgﬂzggﬁéﬁuﬁgaﬁ %

g.aﬂzﬁa%guguam3.&.%%%msﬁnmsguﬁ&aidgﬁiaiﬁaﬂé .
uEm.ésgﬁzﬁaEEgﬁﬁ.ﬁwﬁﬁﬁﬁéﬁﬁ%ﬁé%ﬁuﬁ‘%ﬂ?uﬁ%gtﬁcguﬁﬁ :

.,ﬁimnmuﬂunufz §

_ "EIEP VOREZLIFRRIND 35T B0 ]380 o 9 (J 20) Boda sy
E_ﬁ.ﬂﬁagﬂﬁ.bEE_uz__._uﬁ.sﬁﬁiﬁaEﬁ=3§%ﬁﬁuﬁ%%ﬁ§&%£@ﬂ§:uﬁn§§}..

%&iu@ﬂuﬂﬁ&tm_Eﬁﬁaﬂnﬁqﬂﬁmﬁgﬁigﬂﬂné,ggu%gﬂuitg
weoynog o dn S YRIEe *L DO PR ¥ (17 AR 255) 9 V(T 30F PanADaL SEM DORBIPAIA ON '31G¢1 S T PApmaL 328 SdA 1 30 01 Ao

: "JUOZ A WpHES Afperred Ao aoe JE s SEPTIN 1Nq AVOZ BPL] []92 SR B0 5T 5
PU0Z 1 DUgLas ATTemyred ATO 24e yetf) S()) SUIPRETGE 100 pire STU] 3I00J SOEUOY Mp UIYILA g JU0Z DT 133 A0 IPENG S 4
“SU0Z S T Ajjercied £Uo are 19G) 7)) SIPNUL 1RU0Z TEIETHDES SULIROUITTS N O FPUIND PARIPIE000 T IQL o

(30D} 1'¢ TIAVL




19

mmmm it

i

| i

m h
T (
Dy i
o it
@Q@ mmm_
_ Q “mMn
Qﬂ@ﬁ.m Wmmm
e “ﬂm H
ALIEL

MBI

FIGURE 3.1 Confirmation Units within the Cell Footprint and Buffer/Exciuzion Zone
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-4 RISK ASSESSMENT

The risk methodology utilized for this assessment followed that presented in previous risk
assessments performed for the Chemical Plant (DOE, 1992a). Risk estimates for a hypothetical
resident and recreational visitor scenario were calculated to provide the most likely range of
information that may be useful in decision making regerding future tand use of the Chemical
Plant and the VPs. Unforeseen fand use for the Chemical Plant Area that falls cutside the range
nfﬂmevaluaﬁonmhdh&iswpoﬂwﬁ“beaﬂdmsedhﬁeﬁw-ﬂummm
will be undertaken subsequent to this report. '

4.1 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

.. A medinm-specific- concentration  of a contaminant at the location of -exposure -
(i.e., exposure point concentration [EPC]) must be estimated to calculete the poténtial risk- thet
might be associated with 8 contaminsted source or medium. For these risk assessment
calculations, mnmﬂnﬂwﬁc%mmwﬁrmﬂmmwiﬂlmm. EPCs
mdwchpedfornﬁﬁmdtheﬂmhukesmmehnshufcharmizaﬁondmubﬁmdfm
these areas.

The EPCs for soil were determined for each COC on the basis of data collected during
confirmation, The EPCs used to calculate intakes for each location of interest (as shown in
Table 3.1) arc shown in Tables 4.1 and 4.2. These concentrations are the one-tailed 95% upper -
confidence limit (UCL) of the arithmetic average. ' '

4.2 ESTIMATION OF CONTAMINANT INTAKE

Estimates nfchenﬁcalandradimcﬁvemnmﬁnmtsmbaudonmmnhmt
concentrations at the exposere points and scenario-specific exposure assumptions and intake
parameters. The exposure assumptions and intake parameters used to calculate intakes are Jisted
in Table 4.3; these values are consistent with U.S. Environmental Protection Agency {EPA)
recommendations and were those used in previous risk assessments performed for the Chemical
Plant area (DOE 1992a), The methodologies used to calculate intakes from each: route of
exposure are preseémted in Section 4.2.1 for chemical contaminants and .in Section 4.2.2 for .
radioactive contaminants.

To determine human health impacts from residuat soil comcentrations of lead, en
MMnofth:pﬂmnﬁalcﬁeamhlmdludmhhchﬂmmmpeﬁonmdmnﬁmm&m
EPA guidance for lead, The EPA recommends the use of the Integrated Exposure Uptake
Biokinetic (IEUBK) Model for lead The model allows for the estimation of a plansible
Jistribution of blood lead concentrations for a hypothetical child or population of chiidren. From
the distribution, the model then calculates the probability that children's blood lead
concenirations will exceed the level of concern, which has been established to be 10 ug/di.

OT greater.
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TABLE 4.3 Expesure Scemario Assumptions and Intake Parazaeters

. b ) . :

Intake. Parameter . Unit Hesident Recrestional Visitor
Exposare time (ET) - vd
tndoot 23 0
" Outdoor 1 4
Exposure frequency (EF) diyr 350 -
Exposure durstion (ED) » 3 ' M
Body weight (BW) kg . T0QSP 70(15P
Soil ingestion rate (IR;) mglevent 100 2000 100 (200)t
Avemging time (AT) d .
Carcinogenic intake 365 % 70 T 368xT0
. Nonccinogenicjmake . .. - 365x36 . .0 365x30.
Inhalation rate (Ry) wh o
Indoor . 0.84 : 0
Cratdoor 16 1.6
Particulate emission factor (PFEF)  mkg 4.63 % 1P 463 x 10°
Shielding factor for indoor £ 0.7 NAd
Soil fiaction of indoor dust * - 0.8 NAd

& The exposure sssumptions inchaded in this table are conaistent with thos givenin
EPA 1989 and 1991, and DOE 1992, : :

b ﬁnhgwﬁmmmof!ﬂﬂmgfwentmdahodyweigluuﬂikgwmmumdﬁmm
mmpmurasachildiunhcﬁmﬁﬂmuhxme;amcuf!mmgfwmtmdabody
w@tdﬂhmmmmmzﬂmﬂwumﬂm

¢ A hyphen indicates thet the parameter is unitless.
d NA =not applicable.

Summary statistics of the confirmation data collected for lead at the Chemical Plant
(within the former fence line) and at the VPs are presented in Table 4.1. The UCLs for lead
presented in Table 4.1 were used in the model estimations to determine potential impacts from
lead. The results of the model are presented in Chepter 5. : -

4.2.1 Chemical Intakes

Exposwe 0 chemical contaminants is cxpmsﬁed in terms of intake, Intake is the amount -
of contaminant taken into the body per unit of body weight per unit of time (expressed as
milligrams of contaminant per kilogram of body weight per day [mg/kg-d]). Intake estimates
ware calculated for the incidental ingestion of soil and inhalation of airborne particulates.

The intake of chemical contaminant { () from ingestion of soil was calculated as follows:

= C,; % IR X CFy x EF x ED/BW x AT - | (4.1)
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' Cy= concentration of contamiant £ in sl of sediment (mg/kg),
IR, =sofl (or sediment) ingestion rate (mg/event), -
CF; = conversion factor (1 x 10°° kg/mg),
EF = exposure frequency {events/yr),
ED = exposure duration (yr),
BW:mgemyweightammummd(kgj,md |

| AT=averaging timé (). . -

Tables 4.4 and 4.5 present the chemical EPCs and estimated carcinogenic and noncarcinogenic |

intakes, respectively, from ingestion of soil for a resident at various locations.

The intske of chemical contaminant # (1) fiom inhalation of soil was calculated as
follows: :

1;=Cy x IR, x ET x EF x ED /BW * AT, 42)

where .
C, = concentration of contaminant J as respirable particulates (mg/m*),
IR, = inhalation rate (m'/h), and '

ET= exposure time (h).

The chemical EPCs and estimated intakes from inhalation of air particulates are presented in

‘Tables 4.4 and 4.5, o

4.2.2 Radiclogical Intakes

Intake values for radioactive contaminants were calculated with methods similar to those’
used to calculate intake of chemical carcinogens, except for the inclusion of body weight and -

averaging time, which are gocounted for in the risk factor. Estitates of intekes werc calculated
for ingestion of soil, inhalation ‘of airbome particulates, and garma radiation. Radiclogical
intake for ingestion and inhalation is the amount of contaminant taken into the body, expressed
in pCi. . .
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lnfakcs_ufmﬂioacﬁv& contaminant { (1)) from ingestion of 501l were calculated as follows:
I, = Ry x IR, X CF; x EF x ED, o 4.3
where ' _ |
Ry = concentrstion of radionuctide ¢ in soil or sediment (¢Cifg, and
CF, = conversion factor (1 x 10” g/mg). |

The intake of radioactive contaminant { () from inhalation- of soil was caloulated a5
fotlows:

L=RyxIR, xETXEFxED, . . (48

where _
Ru= concentration of contaminant  as respirable particulates {pCim®).

Theintakeafmdioaﬂﬁvemnmmi[ﬂ)Mexmﬂmmm(EMuf.
pCi-yr/g) was calculated as follows:

I;=RNKET¥.EF><EDKCF3, | _ 4.5)
where

CFy = conversion factor (1.14 x 10” yr/h),
Table 4.6 gives the EPCs and intakes for the radionuclides ufmm.

Inhelation of radon by s resident in a home with a basement was also calcutated.
Appendix B provides details of the calculations for the radon pathway.

43 METHODS FOR EVALUATING RADIATION AND CHEMICAL TOXICITY
TO HUMANS |

431 Radistion Toxicity

The evaluation of radiclogical human health risks in this assessment was limited 0
cancer induction. This approach is consistent with EPA- guidance, which notes that cancer risk is
generally the limiting effect for radionuclides and suggests that radiation carcinogenesis be used
as the sole basis for assessing radiation-related human health risks (EPA 1989). The EPA has
developed guidmcefmmdiahgicﬂlﬁskaﬂessmntﬂmismsimﬁﬂaﬂmgﬁdmmfm_
assessing chemical carcinogenic risks (EPA 1989). Carcinogenic risks are calculaied for the
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radionnclides of concern in 8 manper similar to existing methods for chemical carcinogens by
uging an age-averaged lifetime exoess cancer incidence per unit intake (and per wunit external
exposure). The EPA has developed cancer incidence factors per unit intake that are synonymious
with the slope factors developed for cheinical carcinogens. Table 4.7 presents the slope factors
for the radionuclides of concern for the various exposurd pathways considered.

43.2 Chemieal Toxicity

The EPA has derived toxicity values for most of the chemical contaminants of human
health concern. A toxicity vatue known as the reference dose (RED) is used to evaluate the
noncarcinogenic effects of chemicals. The chronic RfD is defined as “sn estimate of 8 daily
exposure level for the human popiiation, including sensitive subpopulstions, that is likely to be
 without an appreciable risk of deleterious effects during a lifetime” (EPA 1989). To detive an

RD value (expressed in’ mip/kg~d), the EPA reviews all toxicity studies availeble for a given -
substance and a given route of exposure, determines a no-observed-adverse-cffect level
. (NOAEL) or lowest-observed-adverse-effect Jevel (LOAEL) from the study most relevant to
humans (the critical study), and applies uncertainty factors to these values. The R} can be
compared with estimated exposure levels to evaluate the potential for deleterious effects.
Currently available RfD values ere specific to cither the inhalation or ingestion route of exposure
because the toxic mechanism and dose required for toxicity to ocour can differ for those routes of
exposute, Inhalation exposures are asgessed with derived refereace concentrations (RfCs), which
are reported in milligrams per cubic meter (mg/m’). An RfC can be coaverted to the
comresponding RID (in mg/kg-d) by dividing by 70 kg (an assumed body weight) and nwitiplying
by 20 m*/d (an assumed inhalation rate). | | |

Carcinogenic risks from exposure to known and potential carcinogens were cvaluated
separately from noncarcinogenic risks because, hypothetically, any exposure to a carcinogen
increases the risk of cancer by a finite amount. Therefore, the risk from exposure to a carcinogen
at & given level can be derived, but an exposure level at which'no carcinogenic effect is likely to
_occur {as for noncarcinogenic eadpoints) cannot be defined. The EPA has defined two toxicity
values for evaluating the potential carcinogenic effects of a given substance: the weight-of-
evidence classification and the slope factor. For substances that have weight-of-evidence
classifications of A (human carcinogen), Bl, or B2 (probable human carcinogens), and -
sometimes C (possible buman carcinogens), the EPA has caleulated slope factors on the besis of

. data from doge-tesponse studies. The slope factor is defined as a “plausible upper-bound estimate
of the probability of a response (i.c., cancer) per unit intake of & chemical over a lifetime”
(EPA 1989). Generally, slope factors are derived by extrapolation from experimental high dose
ranges to low doses, and they are not valid for the evaluation of high dose levels. Also,
carcinogenic risks that have been celculated from slope factors are applicable to exposures theat
gcour over a lifetime. When exposure durations sre less than a lifetime, they must be converted
to equivalent lifetime values (see Tables 4.8 and 4.9).
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TABLE 4.7 Radislogical Slope Facters

Slope Factors®
L]
External
Contaminentsb _ {riskspCi) _ (ciskipCt)  (rik/yr per pCi/g)
Lead-2104D 266% 109 1.39x 108 421 % 10%
Radium-226+D¢  7.50x 10410 L16x 104 £.49 % 106
Radium-228+4DF  229x 109  523x10% 4,53 % 105
Thoriume228+DF  B.09x 1010 1.43% 107 7.76 % 108
Thorian230 . . 2.02x10-10  285x10% 8,193 1010
" Thotinm-232- 231 % 10-19 - 433 108 3.42 % 10°10
Urarium-234 1.58x 1010 L14x 108 252 % 1t
Uraninm-235+¢D  1.63x10-1° 1,01 x 10€ 5.43 % 1077
Uranium-238+D 210 10-10  9.35x 10 1.4 % 107

L Source: EPA [ZI]ﬂZ)J .

b Radiomclide marked with a *+D"” indicates that the risks from sssocialed
short-lived radioactive decay products (i.e., those with half-lives less than
or equal to six months) are slso inctuded. :

¢ (Copoentration data are only availabie for four radionuctices:
radiomm-226, radium-228, thorium-230, and uranium-238. In calculating
the risks, the slope factor for uraniimm-238+D was adjusted 1o include the
contributions from uranium-234+D and uranium-235+D. The slope
factor for radium-226+D was adjusted to include the contribution from
lead-210+D, and the slope factor for radium-228+D was adjusted to
includs the contributions of thorinm-228+D) aad thorium-232. The

_ concentrations of the contributing radionuclides, i.e., uranium-234,
uranium-235+D, lead-210+D, thorium-228+D, and thorium-232 are
assumned to be equal to that of the measured radionuclides in all cases
except for ureniim-235+D, which is taken to be 0.045 of the urapium-
238+D concentration based on the naturally occusring ratio of yranium-
235 40 uranium-238. The thorium-232+D concentration is assumed to be.
equal to the radium-228+D concentration, since thorium-232 was not
measired. This approach is censistent with the radionuclide source term
analysis performed for the Chemical Plant Area RI report (DOE 1992c).
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5 RISK-CH&RACI‘ERIZ&TIGN

Pownﬁﬂmhngmﬁheﬂﬁﬁshmdﬁngﬁnmmmnﬁmﬁvemd.mmm :
mmmnwmmmdmmofmehumdpmbabiﬁqrﬁamwmd
devﬁopmmramnﬁ&ﬁm.ﬁeﬁ?&huhﬁmdmﬂﬁrmmmmmgmh.
menwepmhleexpomhwlsfurugmhmofmmmm_ﬁﬁmwmnaﬁm
Priorities List (NPL) are generally concentration levels that represent an excess upperbound
Jifetime cancer risk to an individual of between 1 x 10°° and 1 x 10 (BPA 1990).

Potential health effects other than cancer from exposure  chemical contaminants were
also assessed. quﬁmﬁvemmnfmmmhmmamnﬂuhmm
{Hl}.fmeﬂf*ﬂhas&eﬁnedamefg:utmﬂaml'asmehvelufmmfmmrﬁmgmic
health effects. '

5.1 RADIOLOGICAL RISKS

Exposures o ionizing radistion can result in cancer induction, serious genetic effects, and
other detrimental health effects. The predominant health concern associated with the residual
radioactive mnmminmtsmth:ChmicﬂPhntOPﬁathﬁIisﬂwindudionnfmm.m
mdiulugicﬂhaﬂmﬁskswﬂuamdwmﬁmimdmﬁﬁsmnm.mmpmhhmm
EPﬁ.guidance,whiehnntesﬂ:ﬂt,ingenma!,ﬂm:isknfm,isﬁnﬁﬁngmdmybemdasthe .
sole basis for assessing the radiation-related human healith risks for a site ‘contaminated with
' radionuclides (EPA 1989). - |

For this assessment, slope factors were used 1o estimate the potential risk from exposure
to radionuclides. Intakes were estimated for each exposure pathway (sce Section 42).
Radiological risks were caloulated by multiplying the. intakes by the appropriate slope factor.
Tsble 5.1 gives the radiclogical risk estimates for the hypothetical resident and recreational -
visitor scenarios from each of the radionuclides of concern at the various locations of the
Chemical Plant Opersble Unit. The radiological risks associated with inhedation of radon-222
and its short-lived decay products are given separately in Appendix B. -

5.2 CHEMICAL RISKS AND HAZARD INDICES

5.2.1 Carcinoegenic Risks

The risk to an individual resulting from exposure to chemical carcinogens is expressed as
the probability of a cancer occwrring over a lifetime. To calcutate the excess cancer risk, the deily
intake averaged over a lifetime is omitiplied by a chemicel-specific slope factor. The EPA has
derived slope factors for a number of carcinogens, and they represent the incremental lifetime
cancer risk per milligram of carcinogen per kilogram of body weight, assuring that the exposire
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occurs over a lifetime of 70 vears. The estimated daily intakes (averaged over a lifetime) :) _
resulting from exposure to the chemical carcinogens .in residual soil were modified by these
slope factors to estimate the chemica! carcinogenic risk, Table 5.2 gives the chemical risk

estimates for the hypothetical resident end recreational -visitor scenarios from each of the

chemical COCs at the various locations associated withthe Chemical Plant Operable Unit.

£.2.2 Hazsrd Indices

AHIpmvidﬁammenfthepum&h]furadvmhealﬂ;ef&mm-mm}ﬁ
mindividualmnuminannﬂmdailyinmkewm@dowﬂwexpumpﬂbdisdmbym-
: refmduse,urRﬂ),mdcﬁveﬂi:HLTheRﬁ)isﬂuawdaﬂydmeﬂm-m_ch'
wiﬁoutanappreciablerisknfdelmﬁnushulﬂwﬂ‘uctsdming’aﬁfuﬁm.-TheE?Ahasdeﬁwd_ .
RiDs for exposure periods of more than seven years; only chronic RfDs were considered in this -

For an individial contaminant, 2 HI of 1 or grester is considered to indicate a potential
' for adverse health effects. For multiple contaminants, the hazard quotients (HQs) for each
contaminant are summed to determing a HI. Table 5.3 gives the HQs and HIs for each of the
chemical COCs at the various locations associated with the Chemical Plant Operable Unit.

Estimatcs obtained from the IEUBK Model for lead are presented in Table 5.4. The.
mﬁmaﬁdimﬁat!ﬂwm&ﬁﬁmsmmahingﬂﬂwﬂhmﬁmlﬂmtmdmma_r_eluw_- ' )
and would not likely resuli in health effects of concern due to lead. A level of 10 pug/dL or
greaﬁrnfla_adinbluadmchildmnageIm?ymismnsidcmd-tobeofmnmm. _
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TABLE 5.4 IEUBK Model Estizmaies for Lead® R : ' _)

| UCLforLead RangeofBlood Levelt  Range of

Location gk o Gugidl) Probability?
C'Us within cell footprint and -
buffer/exchusion zone . 17 14-1.8 0-.0002
Qutside of disposal cell footprint and
buffer/exclusion zone (not including . .
partis) CUs) B+ ' 14-19 0-0002
Outside of disposal ¢ell footprint and
buffer/exclusion zone (mcludsng :
_partmlCUs} SRR T T 1418 0-.0002
Quarry Equaltzntmn Begin and Qm.rr:.r
Proper 15 . 1418 . 0-0001
Viciaity Propertics | - -
DA S : 24 14-1.9 0-.0002 -
DA 6¢ 28 . 1.5-2.0 . 3-.0003
MD(C 3 140 2.2-3.5 0006—01 o
MDC 4 21 1418 0002 )
MDC 5 _ 64 1.7-2.5 0001002
MDC 10 . 18 1.4-1.8 _..0-0002

a The]BUBKMndﬂ{vmmnﬂﬁD)dwﬂopodhytheEthusedfmmhumgpomﬂ
health effects from lead in soil

b mmmcommmmumfmcmmmlto?m The health effect level of
concern for children age 1 to 7 years ig 10 pg/dL. or greater,

¢ Probability that the blood lead concentrations could exceed 10 pg/dL ar greater.
d Estimated based on characterization data.
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6 SUMMARY OF RISK RESULTS

6.1 RADIOLOGICAL RISK ESTIMATES

For the hypothetical resident scenario, radiological risk estimates for the various kncations
evaluated as shown in Table 3.1 aze slightly gréater than the upper end of the EPA’s acceptabie
risk range.of 10 to 10 (see Tahle 6.1). The risk estimates for background concentrations of the .
radionuclides are also greater than 10 . Radiological risk estimates for the locations within the
Chemical Plant itself (within the former fence linc) are equivalent to risk estimates for

_ concentrations of the radionuclides of concern. That is, the estimates for the -aroes
within the cell footprint and-outside the cell footprint are 5.1 x 10 and 4.4 x 10°, respectively,
as compared with 5.3 % 10 for background risk. For the VPs, including the Frog Pond Outiet -
but excluding the Southeast Drainage, the range of the radiological risk estimates is 1.2 10%at

DA 3 10 7.7 % 10° at MDC 5. The risk estimates at VPs are at the low end of the range (¢.g., at

VP 9 and DA 3), where radium-226 is not & concemn.

Calcnlations for each individusl CU were also performed with risk estimates rangi
from 3.7 % 10° o 2.1 % 107 for the hypothetical resident scenario and from 7.3 x 107 w0
3.0 % 10° for the recreational visitor scenario. Figure 6.1 depicts the distribution of the risk
estimates for the hypothetical resident scenario for the various CUs. The low end of the ranges
wnsmpoﬂodfnrﬂumﬁ,andthehi@mdufﬁemgﬁwasmpmmdfmcumﬁ.hmbm:ﬁm
of risk estimates for the individual CUs is presented in- Appendix C.

The radiological risks for the resident scenario given in Table 6.1 do not inciude the
contribution from inhalation of radon gas. This pathway was evaluated separately in
Appendix B, The risks associated with radon are due primarily to inhalstion of the short-lived
decay products and are generally a concern only for indoor exposures. This risk range is from
7.3 x 10* at DA 6 to 2.4 x 10”* at MDC 5 which is comparable to the background radon risk of
1.1 x 107 (sée Table B.1). This risk is reported scperately since it pertains only to indoor
exposures, and specific mitigation measures are aveilable to reduce this risk.

The estirnates shown in Table 6.2 indicate that potential radiological residual risks for the
recreational visitor scenario. are at or lower then the lower end of the acceptable risk range. The
range of risk estimates is 2.3 ¥ 107 DA 3 to 1.1 x 10° st MDC 5 and the Frog Pond
Ouflet/Culvert. For comparison, the citimated risk for this scemario for background
concentrations of the radionuclides of concern i8 7.5 x 10, Therefore, like those for the
hypothetical resident scenario discussed sbove, the risk estimetes for the recreational -visitor
scenario for the various locations lso appear to be similar to those for background sources,
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TABLE 6.1 Summary of Residual Risk for tho Hypethetical Resident Scenarie for the Various D
Locations of the Chemlesl Plant Operable Unit ' :

Caroinogenic Risk |
Locition® . Rediological® __ Chemicsl ~_ ToulRisk  Fiazard Inex
GJ;MWHMMWWMMM. 's,um-* b x 1S | 5.3 = 104 .3
.ﬂmiduofdhpmlodlfbmﬁumd _— | 3% 1! | 2,2 x 1% '_-uwm" 2
bafferfexchwion zone (not inclading partial CUs) | :
Outside of dispossl cell footpeint and ' AAxI0Y 0 22105 A6x 104 2
buffec/exclusion zope (inchudmg partisl CUs) R |
Frog Pond OufetCulvert T s maxwt 3
* Quarry Equalization Basin and Quarry Propec -+ 5.0x 104 . 2.8 wigs  saxwd 1
" Vicinity Properties: .
DAl - 6.6 = 10t 2x1? . ssx 10! 06
DAZ . £7x 104 2.3 x 107 5.9 %104 A2
DA 3 1.2 % 105 é.u x 108 62 x 105 S
DA S - Tox104  3oxiet | 7310t 3 | ) |
DA S | 43%104 - 29x10% A6 x 1004 3
MDC 3 5.7 x 1078 30=10F 67 % 10° 3
MDC 4 _ Tix 104 25% 105 74 % HH4 3
MDC § AL o 3.2 = 16F¢ TI%104 0005
MIDX 6 _ 5.0% 1004 - Cospxwgt . M6
MDC 10 69%104. 28108 Tax 004 2
VP9 6.3 % 107 - 63%105
Busch Lake 24 2.1 % 1077 - - 2= 1t A2
Buach Lake 35 2.4 10rf - - 24 % 1078 0
Busch Lake 36 | 3.2 x 10r% - 57 108 03

A The CUs that are inchuded for each location: are pregented in Table 3.1. _

b F&Mh’rn&hﬁculﬂkhhmﬁﬂmﬁnhWMMﬁmnﬁmmﬁm
© {rxeloding radom} i 5.3 % 1. The radiological risks asaciated with radon exposres are givem in Appoadix B.
='Amhmmmmmmmmmmmmﬂmmmﬁmwmmmm _
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TABLE 6.2 Suamary of Restidual Risk for the Recreational Visiter Scepario st Variows Aress )
Associsted with the Chemical Plant Operable Unit

Locationt | ___ Radiologorl __ Chomkcal __ TouRisk ___Yaoand Inlex
CUs wifhin oell foorprint and bufferlexchusion zon¢ . 74% 106 12109 S6x 104 |
Olﬂiﬂbofdhpoﬂtuliquﬂulmi : 6.2 % 108 1.2 = 1% T4 167° 01
batfer/exclusion zone (not including partial CUs) '
Oumiside of disposs] cel footprint and 53 x 107 132108 76%106 H
tuufferenclesion zone (ciuding partisl CUs) .
Frog Pond Oulet/Culvéer _ PT CEE X 1
Quarry Equalization Brsin'and Quarry Pegper . - ¢ Fixios  §.5%10 8.6 x 16% 008
Vicinity Propertied: '
' PA1 96x106  18x10" 0.6 106 04
DA2 . o s2wa0d E2x10® 82X 106 an
DA 3 S 23107 28 % 1006 3.0 108 - A0l
D45 pox1e?  17x106 12x10% 02 ' )
DA S : 6.5 % 1076 1.7 % 10°% 8.2 % 14t 2
MDC3 - o Ta=107 17 %308 24 %148 |
MDC 4 | | L0 % 108 1.4 % 109 LEx 10 A0z
MDC 5 1.1 x H¥¥ 1% 1T L1x1¢5 . <0001
- MDC6 ' g2xi0f - ket 0004
MDC 10 9.9 % 1(r® 1.6% 168 12wt .01
VP9 12% 106 - 1.2 %108 004
Buach Lake 34 4.1 x 107 . 4.1% 107 -
Busch Lake 35 | 48107 - agxto? . 002
Busch Lake 36 O gaxae! - _2%107 002

1 The ClUs that are inchuted for each locstion are preseted in Tabiz 3.1
® memuiwmﬂwudiuhgicﬂﬁskﬁamhmmmmufhndiunmﬂduofmm_t.k‘r.ixln'ﬁ.
& Ammmmmmmummmmwmmcmmﬂmﬁd
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6.2 CHEMICAL RISK ESTIMATES AND HAZARD INDICES

The chemical risk estitates for both the hypothetical resident and recreational visitor
scenarios at the various locations considered in this assessment ar¢ much Jower than the
radiological risk estimates and are all within the accepiable rigk range. For the resident scenanio,
the range is from 2.3 x 10”7 at DA2 1o 5.0 x 10” at DA3. For the recreational visitor scenario, the
range is from 1.2 x 10° at DA2 t0 2.8 x 10 at DA3. : '

Figue 6.2 depicts the distribution of the risk estimates for the hypothetical resident

" scenario obiained for the individual CUs, These risk estimates range from 0 to 9.0 X 10°, The -
low end of this range is for those CUs where confirmation resuits were for the organic chemical

COCs and were nondetects. The highcnd_-ofﬂmrangewasrepamdforcum,whi_chism&ﬁin
the cell footprint, ' _

. - . Estimated Hls presented in Tables 6.1 and 6.2 indicate that there is a very low (if any)

potential for systemic toxicity because of residual levels of contaminants to @ hypothetical
resident or recreational visitor at any of the various locations considered. The estimates range
from .0005 to .03 and <.0001 to .02 for the resident and recrestional visitor scenarios,
respectiveiy. Estimates for individual CUs are presented in Appeadix C and range from 0005 to
8 and <.0001 to 0.5 for the hypothetical resident and recreational visitor scenarios, respectively.

The upper end of the ranges is estimated for CU 399, which is located outside of the cell -

exclusion zone.

6.3 OBSERVATIONS

On the basis of the results presented in this report, the remediation performoed for the
Chemical Plant and its vicipity properties has resulted in residual chemical risks that are wel
within the acceptsble risk range for both scemarios evaluated. Future use of these areas or
properties in & manner similar to the scenarios assumed in this report should be protective of
human health with regard to chemical risks. The hazard indices estimated also indicate that
potential systemic toxicity would not be a concern at these areas. Likewise, the TEUBK model
estimates for lead did not indicate residual concentrations of lead to be of concern. '

The risk estimates for radiological residual risk are at the 107 level, which is the higher

end of the acceptable risk range. However, estimated radiological risks from background
concentrations of the radionuclides of concem are also at similar levels, which indicates that
remediation was accomplished to levels that are penerally equivalent or simitar t0 background.

Appendix D pmsnﬁm_ risk estimates for background conceniretions of the naturaily
occurring COCs. It also presents the excess residual radiological and chemical risks and His at
the various CUs after background is subtracted.
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APPENDIX Az

POSTCLEANUP RISK ASSESSMENT
FOR THE SOUTHEAST DRAINAGE

Thisappmdb;pmmmmtmluofmepmﬂehnnpﬁskmmﬁnm
' Souﬁmt&ﬂmgc.ﬂewmofﬁemtwhdnﬂmimﬂemﬂofﬁsk
* reduction achieved by the removal action. Figure A.1 depmtsspoclﬁclomusmﬂlednmagc

Postcleanup risk estimates for each segment are presented in Table A.1, Risk celculations
mwﬁmduﬁngmemmﬁmwmmmm(i.e.;hwmw&ﬂd
and recreational visitor/hunter. scenarios) presented in the eagineering evahuation/cost analysis
(EB/CA) (ANL 1996). Thie exposure Toutes evaluated include external gamma irnadiation and

- incidental ingestion of sediment, Exposure point concentrations for sediment were calculated for - o

eachexposuremit(i.&.-segnwﬂ)byuﬁngﬁwom—ﬁhd%%wmnﬁdmeﬁnﬁtfucmnf
the arithmetic average for cach radionuclide. The summary statistics for cach segment are based
on location-specific dats as presented in Table A2, Risk calculations for cach ségment were
_based on postremediation data from locations that were remediated, in combination with data
ﬁnmiomﬁons&m;wmnﬂmwdiateﬁ.inﬂmumt(ﬂoﬁﬂ:ﬂmlmmnm
mwwdfurclmmthcymnmmihhmdhmwmnuuﬁmmmm
exceed risk-based cleanup criteria) At locations where more then one sample was collected, the
mmammaMammﬁmmmM'mpﬁmmm
the data for each segment, Additional volumes were removed from Location 60 in Segment D
and Locations 101 and 132 in Segment B. For these locations, data coflected after removel of the
additional volumes were used in the calcutations.

Estimated residual risk or postcleanup risk estimates for the hypothetical child scenario
for Segments A through D are 2 x 105, 2 x 105, 1 x 105, and 8 x 105, respectively. These
results indicate that the risk reductions achieved are equal o or greater than those projected in
ﬂ;cEE’CA.Addiﬁnnalﬁskmducﬁonwusachiewdiusmcmnhmnfmmvﬂof
ITaddiﬁonal_lﬂcatiunsnutplannedfminﬂmEEfCAbmuﬂleymorig‘mdlyﬁwghttobe
inaccessible. These additional locations were determined to be sccessible during the field
planning stage and were remediated. : :

Location-specific baseline (preclesnup) and posicleanup risk ecstimates for the
hypothetical child are slso presented in Table A.2, OF the 55 locations that were remediated,
postcieanup risk estimates at 48 locations are at or below 1 x 10-5, and 7 locations arc near
1x 105 (e, 2 ¥ 105 at 5§ locations and 3 » 10-5 at 2 locations) for the hypothetical child
. stehario. These results indicate that the removal action accomplished the goals presented in the

Decision Document for the Southeast Drainage (DOE 1996). :




FIGURE A.1 Remediated Locstions in the Southeast Dralnage
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( TABLE A.1 Pestcleanup Rizk Estimates for the Sentheast Drainage
Pomclownp.
Susunary Statisics® :
) © Racrestionsl
" Hypotheticalé  Visisar/
_ Segment Ra-226 Re-228  Th-230  U-238 Chid . Home"
A Max. conc. {pCiig) 394 50 g0 2000  2x10% - Sx it
Min, canc. {(pCifg) 1.3 0.5 0.2 1.9
Avg. conc. (pCVE 15.8 18 124 524
Standand deviation 13.0 11 16 0 490
T-siatiatic 1.753 1.753 1751 L1793
Count 16 16 16 16
UCL® {pCi/g) Sn 23 17 74
B .. Mk come (CVg) . - 100 - 40 - 390 398 - 2x10% R 3 1
: Min. eonc. (pCYD 1.2 05 0.3 29
Avg. conc. {pCiip) 147 1.4 11.1 16.6
Standard devistion 257 0.9 104 189
‘T-statistic 1.740 1.740 LI L74b
Count 18 18 13 18
UCL* (pCifg 25 18 15 24
C Max. conc. (pCVE 369 66 450 40 1 % 105 3 x HrS
_ Min cone. (PO i 6B 13 L3
( Avg, conc. (pCHR 8.2 1.6 T8 148
- Suandard deviation 10.2 12 140.1 171
T-atatistic 1,717 1.711% L71T L7
Count : 23 2 n 3
UCL® (pCi'g 12 20 11 21
)] Max. conc. {pCig) 270 6.7 120.0 70,0 Ex 105 2% 10%
Min.- come.  (pCifg) 1.1 0.6 0.y 20 .
Avg. conc, (PO 6.2 L6 16 . 12
Standard devintion - 5.4 1.0 287 1%
T-siatistic 1.684 1.684 1684 LEB4
Cioamt o ' 44 44 a4 44
“UCLS {pCifg 7.6 1.9 23 113

. Wﬁgmmmhwmmwmmummmmpﬁnnﬁm&
remediated locstions, combined with data fom remaining locations in the segments that were not remgentisted.

Y Summery statistics presented for cach mgment wire developed from the locaion-specific dats that constinne axch
aegnent, 35 shvrwn in Table A2 '

> The postclesmsp risk cstimabss for the hypodbetical child soenario wers caloulatod using the sa methodology end
soenario sssumpiions presented i the EEACA (ANL 1996). i the ES/CA, Banekine (befiste claamap) risk estinmtes xnd
mmumm-mmmmmmmmwum: ,

- ERCA-Projested
Segment Baseline Risk P-mog;ll_
A YTy, XL
B tx 10t 3% 10%
( c 9x10° C ax®
D 5 %14 o 2x?




TABLE A.1 (Cent.)

Pmmmmummmwuﬁmaﬁummmmmmmmm-uuw_
Wmmmmﬁmmmwuﬂmm,mﬂ,dmma
. {ANL19%). . _ ' -

d _mmmmmmmmwmmmmmmmm
scecirio sssamptions preseated in the ER/CA (ANL 1996). In the BE/CA, baseline (bafocs clomup) tisk eotmmes and
Mmmmmmmmhmﬁwum )

A R 5 x 10°
B 2 % 15° 6% 10% '
C 2% 9 x 104
D 1x10° . 5 x 10¢

: PWMM&:&;WMMMMMMMMWHN
smmpmumﬂmmmmhmanmaﬁ.mﬂ,ﬁm .
EE/CA (ANL 1936}, : .

B UCL =upper confidence Hmit
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TABLE A2 Locatien-Specific Data Summary and Risk Katimates for the Seatheast Draioage

. : - Buaaedine Pouttlesnap
) Hypotiwtical Hypothetical
. Degmept Locatipn Ra-326  Re-D28  Thi30 U238 Cuild {hild

A o3P 123 1.6 47 T8 9 x 18 1= 10%
ogb 54 1.5 B0 - 8OO 2% Hrt g x 104
pa3b 1.9 1.2 [¥] 76.0 2100 5x 106
oot 1.8 1.2 g0 11.0 1 = s 5 = tér®

_o0st 47 29 29 WY 2w 00t Tx 10
o2 35.0 50 50 1200 4 x 103 &
o3 390 1.4 e 2000 4 x 108 -
o0 170 27 1.0 50,0 2x10% -
016 1.0 15 146 . 170 Bx 108 -
017 114 1.4 14 15.0 | = LS -
018, 13 48 02 160 2x P -

T 087 150 0.6 68 . 410 1= 58 -
(88 .0 28 1.0 40 3x 0 -
89 150 13 51 35.0 1= 105 -
90 3.0 13 14.0 480 3Ix 108 -
091 20 - 12 1406 200 2x10s -

11 0120 1.7 1.} 10.0 24 4194 g u 106
098> 2.5 1.1 7. 23 3% 104 3w 108
090 2.5 1.2 25 3.0 5% Hrs 3x 105
i1t 59 0.7 342 28 CIxiet 6= 108
1020 28 L3 6.4 9.9 2 x 104 4x 10

“1372h 53 . 05 39.0 B4 1x 104 6= 1G5
141" 21 0.9 4.9 29 £x 1008 2% Hrd
006 250 e 180 560 1x10% -
007 120 40 11.0 8.9 2% 108 -
008 © 360 L5 12.0 170 3= 1% -
9 110.0 1.7 13.0 590 %% 103 -
610 210 22 13.0 17.0 2xHrt -
o1t 1.3 [Tk 0.3 2.6 R 15 -
01% 12.0 1.1 74 7.8 2% 108 -
020 1.2 0.9 30 2.4 2% 1073 -
021 232 i0 28 14.0 3 x 1006 .
095 4.6 1.5 X 16.0 6x 10 -
96 11.0 1.} 12.0 214 3 x 1% -

C o2sb 150 1.3 210 T4.0 53 x 104 2108
p2 A 20 6.6 15.0 7.0 2% 1ot 2 10rd
102.1% 14 L4 i.6 2.0 9 x W 2x 1%
1o M0 1.8 45.0 .0 4% | 3x 1r¢ .
10804 53 L1 4.7 1.0 2x1 5= 106

108,194 7.1 1.0 3.3 9.6 1w 107 6% 08
f1gpd 43 L1 29 24.0 3= 1S Sw 16
110 t»4 18 20 21 55 1= 10% 3% 10%
111 4.6 1.2 .0 29.0 4% 193 6x 108
11204 110 24 10.0° 9l ix 10 1% 108
11304 360 1.0 11.0 11.0 6 x Hrf 1% 15
114b4 27 L0 20 5.1 2= 105 3 x 1yt
11504 4.6 09 23 13 £ 307 5% 108
11804 22 1.4 LS 53 2% 1073 3= Efyé
13 1.3 " 08 14 20 4 x 10 ax s
104 4.1 11 9.4 119 1 =18 4= 103
10sP 16.0 0.8 34 200 3= 107% 1% 105
106Y 13 13 13 20 6 = 1% 2% 10%
049 6.5 1.7 13 26.0 ax 1 -
143 18 1.6 45 kW 3% 10¢ -
144 Li 1.5 24 14 2w 408 .
143 1.3 0.9 4.6 2.3 2% 109 -
146 14 26 1.7 13 3= 108 -
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TABLE A2 (Cont)

Risk Estimates
5 e, GC o
Baseling Postcleanip™
. Hypothesical . Hypoibetical
Sapmemt Location BA-226  Ra-238  Th2M U238 Chitd Child
D Ha 9.4 1.6 120 10.0 o xS 9 x 1006
Fighd - 174 6.7 &0.0 5.5 2w 168 2= 103
11% L5 L0 0T . 106 R 21 1006
1200 85 04 24 2.0 1x10* 8 x 108
121® 14.9 1.1 74 19.6 2= 1 Ex 106
132h 1.7 1.4 1.1 2.7 3 x I 2x 19
1230 5.0 L1 7.1 1% § % 40s Sx 10f
124% 6.7 1.6 124 9.4 1x104 70 1(r%
1490 104 14 18.2 42 2x it 1= 10%
153b 7.3 L2 35 54 9 x 376 T 106
154P 5.1 - Y B3 LERT o] 5§ x 10r6
o28b H.O w24 3.2 37 Ix 108 S 1x 108
D55t 41 1.0 56 B.8 2% 104 £ 108
058t 5.0 12 9 5.0 5= 10% §=10%
Dso° 49 240 46.4 1.0 Ex 10 7x 106
060" 16.8 14 49.7 121 5x 109 2% 1078
os1® 2.0 1.0 15.0 70.0 B 107 2= 108
i L3 L 13 240 Ex1 2= 1t
Dsab 11.0 24 32 6.1 5% 103 1=1
064" 29 13 47 100 2= 198 4 x106
055 120 24 200 300 61 1 x 1S
{1 1.5 704 164 5x] 1% 1%
BgTbd 1.5 1.2 13 24 3x 1ot 2% byt
peghd L3 1.2 13 21 & 108 2% 1t
orzt £1.0 LR 16.0 1840 L » 108 1=t
026 3.6 14 DL D 10.2 7 = 108 .
030 24 14 6.5 z9 3 x 10t -
050 .3 14 68 77 & = 1% -
151 8.2 3.2 120.0 33.0 §x 104 -
652 19 L3 43 57 3= 106 .
053 £5 1.2 89 pX 7 % 107% -
054 21 1.2 4} 33 3x10% -
056 3.9 1.3 11.0 160 EENT -
057 2.7 1.3 a8 16 3 x Hrt .
069 15 1.3 " 249 4.1 2x109¢ -
070 36 1.3 15.0 64 5 = 16 -
071 L4 1.1 34 55 2 x W -
(1] 1.5 1.8 13 1B 2= Hrt -
074 1.5 1.1 27 42 2= 1S -
147 1.6 33 40 1.8 4 x B8 .
148 Lt 2.6 32 2.2 L SRt -
154 3.3 1% 91 110 5 = 10r¢ .
151 5.3 2.9 12.0 14.0 T x WS -
152 36 2.6 3.1 6.2 0 ] as -
& Radionuclide concentratioos. for mch bocation ne precented in the Closure

mmmammgmmmwm.meme&th ) for
those Jocations that were remedisted, and precisanup concentrations (ks presedted i the A [ANL 1996]) for thoas
¥ Remediated locations, - .
v A mm_mmmmquwmmmhmmmm,ﬂmﬂmm

be the game aa the baseline risk. '
d Thehcuhnwmmmmmﬁlgg.mlyid:emiﬁndhreundiatiminth:EEJCA{ﬁNLlﬂﬁL Accean 1o these




APPENDIX A REFERENCES

ANL (Argonne National Laboratory), 1996, Engineering Evaluation/Cost Analysis for the
Proposed Removal Action at the Southeast Drainage near the Weldpn Spring Site, Weldon
Spring, Missouri, DOE/OR/21548-584, prepared for U.S. Department of Energy, Osk Ridge
Operations Office, Weldon Spring Site Remedial Action Project, Wekdon Sprmg, Mo., Aug.

MK.-Ferguson Company snd Jacobs Engineering Group, Inc., 1999, Closure Report for the Post-
Remedial Sampling Plan of the Southeast Drainage, DOE/OR/21548-794, Rev. 0, prepared for
U.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial Action
‘Project, Weldon Spring, Mo., July. :

.S, Department of Energy, 1996, Decision Document: Engineering Evaluation/Cost Analysis

for the Proposed Removal Action af the Southeast Drainage near the Weldon Spring Site,
Missouri, DOE/OR/21548-584, Oak Ridge Operations Office, Weldon Spring Site Remedial - .
Action Project, Weldon Spring, Mo.,Nov. =~~~ S '




B-!

APPENDIX B:

RISKS ASSQOCIATED WITH INHALATION OF
RADON-222 DECAY PRODUCTS




B-2




B3

APPENDIX B:

RISKS ASSOCIATED WITH INHALATION OF
RADON-222 DECAY PRODUCTS

Radon-222 is & decay product of redium-226, snd elevated lovels of radon-222 can be
expected to occur in areas of the site having clevated concentrations of radium-226. The risk
associated with radon-222 is due primarily to inhalation of its short-lived decay products sod is
generally a concem only for indoor exposures. For this reason, this exposure route was only
addressed for the resident scenario. Since the radon-222 risk is due primerily to its decay
products,ﬂwmncmtaﬁnnnfmdunhyitxeﬁisnﬂngmdmmufﬂwwummdwiﬂa
this radionuclide. A’ more appropriate measure is an estimate of the potential alpha eacrgy
associsted with its short-lived decay products, for example, as expressed in the working level
(WL} it of measure. One working level commesponds to 100 pCi/L of-radon-222 in equilibriwm
with its short-lived decay products. ' -

The tadon-222 decay product concentration in the resident's house was estimated using
the following correlation

Cin = Ca X CR. - | - @Y.

Cp, = concentration of radon-222 decay products in air (WL);
Cro = radium-226 concentration in soil (pCi/g); and
concentration ratio {0.0041 WL per pCi/g), the ratio of the radon-222

. concentration in. indoor air to the average concentration of radium-226 in
. soil (Gilbert et al. 1983). ' '

R

The concentration ratio of 0.004] WL per pCi/g of radium-226 was developed for a-home with 2
basemtandmkes.mmmnsidmﬁonﬂwﬁmmmdsm&iﬁamtﬂminmﬂhome
(Giibert et al. l?BB}.Thevﬂueisbaudmﬂlcmageindourmdonmmmﬁﬁnmmm
hmnasintheHeanrseymdNewYurkmamdismsidmdmnableformhlﬂﬁs
assessment. . , '

Exposure to radon-222 and its short-lived decay products can be expressed in the unit of
- working level month (WLM). When originally proposed, 1 WL was considered to be an
acceptable maximum concentration for uranium miners working a 40-hour week (or 170 hours
per month). Thus, exposure of a worker to a radon-222 decay product concentration of 1 WL for
170 hours, with an inhalation rate of 1.2 m’h, would result in an exposure of 1 WLM. The
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exposure (. Eijdnn—MdmypmductsinWLMmhecaluﬂamdusmgﬂ:epmmfnr. :

the residential scenario given in Table 4.2:

C. xIRXx ETX EFX ED '
E=-2 T y (B.2)

where
E = radon-222 decay product exposure (WLM);
Cr, = concentration of radon-222 decay products (WL},

- inhalstion rate (0.8 m*/h);

=
H

ET = expnsure tIIllE {23 hfd),

axpusure ﬁ'c:qucncy (365 :1!’?1‘).

ED = expnsuredmamnf?rﬁyr},and

EF

CF = conversion factor, 204 m*/mo (CF is the product of the inhalation rate for
a worker [1.2 m/h} and the nnmherofworhnghnms in 1 month
[170 h/mo]). _

The WLM nnit was used here because the risk of inhalation of radon decay products is typically
expressed in this unit (1 WLM is equivalent to 1,000 mrem [ICRP 1981]).

The risk of fatal cancer from inhalation of radon-222 decay products was estimated using
the risk factor of 2.2 x 10°/WLM recommended by the U.S Environmente] Protection Agency
(EPA 1992; Puskin 1992). This value is based on recommendations given in the BEIR IV study
of the Committes on Biological Effects of lonizing Radiation (BRIR; National Research Coucil
1988), with adjustments to more accurately represent residential exposurss to radon-222 decay
products. Thedosetaﬁmbmnchtaleprthﬂhumpurﬁmufth:lungp&r%ufmﬂmdmay _
products is about 30% lower for residential exposurcs than for exposures received it
_undergrmndmmes,wmchfnnmdﬂlebamnf&emkmdcldwehpedmﬂuﬁﬂmwmdy
The results of the BEIR IV report were adjusted by this factor in developing the risk factor given
‘here, as identified in EPA (1992) and Puskin (1992). Because most lung cancers are fatal, this
estimator can also be used to estimate the rate of cancer induction. This risk factor is believed fo
heanmmhmpmmtﬂonofthehnalthnaksasmmﬁdmﬂmxpmhmdm—lﬂdmay
products at the Weldon Spring Site. ' . _

The resuits of these caleulations are presented in Table B.1 and inclade the contribution
of the background concentrations of radimm-226.
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TABLE B.1 Data Summary for the Inhalation of Radon Pathway for the

Hypethétical Resident Scenario®
mm i [ ] . '
Location UCL(pCifp Wi WLM___ . Inhslation Risk
CUs within cell footprint and 1.2 0049 4.5 1.1 2103
buffer/exclusion zone '
Outsidz of dispossl cell footprint 93 0038 - 38 54104
and baffer/exchusion zone (oot
inchading partial Cls)
Cutside of disposal cell footprint 98 0040 40 8.8 % 104
md I:ruffm‘fn_chm‘ ToRe _ .
{including partiat CUg) = =+~ - = 00
Frog Pond Gutlet 1.2 0048 48 1.1 % 103
Quarry Equalization Basin and 1.1 D045 4.5 - 99X 104
Quarry Froper
Vicinity Propetties:
DAl 1.6 o 0066 65 14102
DA2 1.5 0062 0 62 1.4 %103
DA S ' 22 o2 9.1 2.0 103
DAG 3| 0033 33 7.3 % 104
MDC 4 17 DGR 6.7 1.5 % 103
MDC 5 27 011 1 2.4 %103
MDD & . 1.3 0053 53 1.2x 103
MDC 10 1.7 0071 7.4 1.6 13

r—

*  This table ouly mncludes those kocations where confirmation data for radium-226 have been
reported, Values have heen rommded 1o two significant figlres. A WL is any combitation of
' shuﬁ-ﬁvadudm—lﬂdmypmﬁﬂsinmﬁtﬁofairu&mmmmmuf
cquilibrium that will result in the ultimate emission of 1.3  10° MeV of alpha encrgy. One
WLoowe@ondstulﬂﬂpCiJLnfndm-ﬂiinequiﬁhimwiﬂlituboﬂéiwddumym
mmﬂgﬂmmmmmuﬂiﬁgﬂnﬁm-ﬂﬁhnﬂm&m
be 1.1 = 107, '
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TABLE C.1 Totat Radiclogical Risk

Ordered by Pescending Risk
Confirmation Axult Adult
Uit Residepy VYisitor
046 21029803 29822%E-05
067 LO3MMED3  1.4%46E-05
411 991570504 1.4281B-05
R 7 8.94MEB-04 1.2864E-05 -
014 ROIBTE-04 1.1863E-03
158 7.T144E-04  1.1061E-.05
080 7.6840B-04 1.1078E-05
096 7.60628-04 1.08798.05
102 15178E-04 1.0743E05
i44 o T5042E04°  LOTIGEOS
412 T4132B-04 1.0724E-05
281 T357T88-04 1.0553E-05
365 7.34066-04 1.OTI7E-OS
315 7.283805-04 1.05348.05
015 7.2480B-04¢ 1.0937E-05
167 7.1418B-04  1L.OZOGR-05
111 TAZ78E-04 1.(244E-05
050 7.1068E-04 1.0221E-03
390 7.1007R-04 1.1405E-05
058 7.0633E-04  1.O352B05
013 7.0576E-04 1.0422E-05
038 T.0399E-4 1.0136E-05
- 108 TO0359E-04 -1.0077E05
065 7.02848-04 1.0239B.05
165 '6.9863B-04 9.9342E-06
380 69755804 1.0105B-05
159 69458E04  9.94D3E06
160 69340804 9924306
2715 693HE-O4 . 1LO220E05
309 - 6.9268B-04 1.0115E-05
2] 6.9212E-04 9.5477E-06
032 6. T410E-4  9.9939E-06
095 6.732ZE04 9.6366E-06
089 6.T2068-04 9. 6651E-06
065 6.7105E-04 99285B06
143 6. 7000E-04 9.5997E06
084 6.6985E-04 9.6208E-06
L G.G6564E-04  9.6715E-06
056 6.6524B-04 9.6530E-06
028 6.64T2B-04  9.5343E-06
036 6.6382B-04 9.5537B06
050 6.6188E-04 9.4332E-06
034 6.6019E-04 9.457TE-06




C4

TABLR C.1 {Cont)

Confirmpation =~ Adult Adult
* Unit Resident - Visitor
297 . BSTHME04  9.4119B-06
162 - 6.5644ED4  9.5737B06
062 6.552B-04  9.4836B-06
060 6.5410B-04  9.3668E-06
332 65385604 9.3008E-06
304 65166804 93817506
044 - 64714F-04  9.3099H.06
041 6AT04E-04 9.3266B-08
059 G6ASSSE-O4  9.4027E-06
031 64556E-04 9.2758B06
U051 .0 GASHEDd 93442806
073 64371E04 O3241E-06
120 64142504 9.17T30R-.06
208 6ADSTE4  9.1TH4E-06
021 6403584  94631B-06
o7 £.3943E-04 93091E-06
029 63803804 9.1929E-06
103 . 633SBE04  0.165ZHOG
030 63758E-04 9.188%E-06
052 6X12SED4  9.1588E-06
378 6I6TIED4  9.1108E-06
161 - 63650B04  9,1295B.06
129 £.3511E-04 9.0772E-06
016 624IE-04  9.20568-06
110 63199E-04  9.1099E-06
087 63197E-04 9.0784B-06
130 6312E04  9.0295E-06
047 6.2900B-04  9.0491B-06
142 6.2913E-04 9.0270E-06
' D40 62850804 9.02358-06
006 6.27655-04 BIT20E.06
100 6.2654B-04 9.0165B-06
104 6.224RE-04 8.9276B-06
063 . 62192E04 9.0216E-06
033 S.20875-04  8.8044B-06
- 148 62055804 B.B397E06
054 62012804 8.9193E-06
379 G.19BEE-04 88937606 -
026 6.1784BD4  5.8440B-06
70 6.1755E-04 8.8856BE-06
061 6.1659E04 8.8698E-06
039 6.1568E-04 BS07RE-06 -
135 6.1550E-04 8.7967E06
124 6.1550E-04  8.8161E-06
o071 6.1499E-04  8.8324E-06




C-5

TABLE C.1 (Cont)

Con:&rmlﬂmﬁdult

Adult

Unit Resident Visitor
042 6.13528-04 8.7792E-06
G35 6.133TE04  8.8020E-06
056 6.1073E-04 B.7838E-06
098 6.1041804 B.7528E-06
381 61008804 B.7717E06.
153 6.0927E-04 8.7376E-06
176 6.08752-04 © 8.7018E-06
174 6.0822B-04 8.6896E-06
039 6.08078-04 . 8.7051E06
.14 6.0720B-04 8.6735E-06
L. 334 - 6OTI4E04  B.796TE-06
'307  TGOSLE-04. 8.7447E-06
146 6.0618B-04 8.6812E-06
020 6.0537E-04  8.6946E-06
170 6.04388.04 B.GI2VE06
399 6.04258-04  8.6644E-06
- 025 6.0321E-04 8.6396E-06
, 023 6.02898-04 B.6604E-06
125 6.0240E-04 ° 8.6073E-06
075 - 60136804 B.63S0E-06
367  60LI4E04 B.6715E-06
037  5.9927B04 - B.6486E-06
064 5.9868E-04 8.5941E-06
074 = 59843504 B.B039E-06
175 5.9800B-04 - 8.3531E-06
185 5.9801E-04 8.5494B-06
133 5.9718B04 B.5361BE.06
022 5.9593E-04 8.5719E-06
043 59575E04 8.5926B-06
066 50456804 8.5451B-06
187 =~ 35931ZE04 8.47938-06
121 59226E-M BASTIEO6
385 S9079E04  B.54HE-D6
173 5.9061E-04 8.4230B-06 -
137 55046E-04 8.4360E-06
131 5.8967E-04 - 8.4474E-06
115 . S886IE-04  8.42468-06
072 58832E-04 - 8. 4467E-D6
ori- 5.3814B-04 5.4697E-06
156 5.8800B-04 B.4153B-06
123 . 5.8729B-04 83958806
127 58623E-04 8.3863E-06
171 5.8580E-04 - 8.3663E-06
324 5.8282E04 B.A053E-06
138 5.8255B-04  8.3286E-06




C-6

TM'CJ {Cont,)

Confirmation Adult Adult
Uit Resident: Vigitor
186 5.3154504 8.3098E-06
136 33117804 B3118E-06
274 58008804 8.3204E-D6
112 5TOE04 B2RS4B06
126 S.7908E-04 - 8.2829E.06
076 5TT2TE-04 -~ 8.2678E06
- 024 57665804 8.2592E06
1 5.7644E-4  B.2265E-06
273 L7ATIRDS B.2403B-06
82 S.7300B04 B.1970E-06 -

308 . - 5709304 8.2580B-06
068 5. 7000E-04 2.2218B-06
163 5.6904E-04 . 8.17B4E06
180 5.6004E.04 8.1696E06
149 - 5.6861E-04 B8.1419E-06
188 5.6825B-04  8.1237E-06
179 S56T68E-04  8.1675E06
147 56681504 B.1123E-06
178 56461804 8.0533E-06
145 5.634E-04 8.1631E-06
172 S56301E04 R.O431E06
366 56241804 B.1965E-06
018 5.62408.04 8.08TOE-Q6
325 5.6220B-04 8.1338806
122 S613TEO4  S.0235E-06
368 5.6032E-04 3.0427E-06

388 - 5.6026E-04 = 8.07978-06
184 - 5.6000E-04 - 80088806
272 55929604 8.0288E-06
151 5.5868B-04 T.9501E-06
183 55735804 - 7.96228-06
132 5.5535B04 T.54B3IB46

101 S5519E-04 7.9843B-06
128 549TTEO4  7.84618-06
321 54812804 7.9767E-06
211 54783804 7.8536B-06
387 54845B-04 7.8568E-06
335 54462B-04 TO52TEO6 -
159 543T0E-04  7.7ISTEOG
152 S54203E-04 T.7616806
210 £37528-04 7.6989B-06
154 537I8B-04  T.6728B-06
336 53523B-04 7.7682E-06
150 53231E-(4 7.6135E-06
306 5.3002E-04




TABLE C.1 (Cont.)

Confrmation  Adult Adult
Uit Resident __ Visitor
216 . 5299804 7.6071B-06
237 S26BTED4  TS4G)E-06
BKG  S25TIED4  T.S101E-06
217 52159B.04 TASESED6
305 52037604 TARLTEBA6
28 S51938B04 7.4478E-0S
33 51704504 7.5059B-06
181 - SI6SIED4  7.398ZB06
218 51376804 7.3565E06
141 5.05362.04 7.2452B-06

..257. .. S0ATE04. 73250806
397 SO408B.04  T.2047E06
193 SO211B-04  7.1983B-06
155 S0094E-04  T.1576B.06
312 50020E-04  7.4436B-06
240 49990E4  7.1671E:06
242 4S47TE04  7.1112E-06
330 49393R-04 7.2099E06
276 49353E04 7.1112B-06
289 45333B04  T.OT0E06
248 48932804 T.000GE-06
416 4.8903E-04 69083E06
302 - 48856804 T.2348E06
319 48837E04  7.0511B-06
418 4.8560B-04 6.946GE-06

220 4517IE04  6.9530B-06
253 48121E04 6.8868E.06
238 43031E-04 6.8798B-06
303 ATENED4  65303B-06
376 477B9E04 6.8245B-06
208 4.7590B-04  6.8036E-06
241 47266R-04 6.TESRE-D5
233 47251BD4 . 6.7T91E0G
419 4:7169B04  6.7513E-06
223 47106804 6.7485E06
229 47083504 6.7534E-06
322 46909804  6.8490B-06
301 46865804 7.0899E-06
371 46775E04  6.6975E-06
249 467T0B04  6.6979E-06
234 46TMED4  6.T076ED6
. 219 4.65BIE.04  6.6959B-06
33 8.6414E-04  6.7092E-06
285 46410804 6.7585E-06

4.6298E04 6.647IE-06

¥




TABLE C.1 (Cont.)

Uhnit Resident - Visitor
- 236 4.6293E04 6.6695B-06
250 46161804 E.6127TE06
3096 4.61S8B04 6.6070E-06
337 4.6065E-04  6,62838.06
196 4 5989E-04 GI5991E-06
247 4.5849E-04 6.5591B-06
254 4SBA4E-04  6.553SH06
294 4.56MEO4  6.5M9E-06
227 4.5558E-04 6.5320E-06
372 45516E-04 6.5165E-06
19T . 4S437BOD4  65242E06
353 4.5401E-04 54343E-06
280 4524504  6.53UR-D6
263 4ST0E04  GA6ETED6
258 45168504 GATS4E06
266 45159808~ 6459906
192 4.4906B-04 ~ 6.4341E-06
315 AABIE-04 6421

214 44783804 6AOISE-06
231 44778E04 64186806
a7 447004  6.3B4TE-06
230 4ATEOE-04  6A2UE-D6
260 44755E-04  650T2E-06
313 44696B-04 © 6,5928E-06
292 44664E-04  6.4566B-06
081 44416ED4 6.5368B06
190 44284B04 63563E-06 -
243 4.4281E-04 6.3434B-06
212 44215E-04  6.332TRO6
403 44146804 63181E-06
320 44071E-04 6.5308B-06
215 4.4013E04 63068206
318 . 44009804 63513806
235 4.3846B-04 62815B-08
400 43844E-04  62690B-06
364 43716B04 6.2813E-06
414 43676804 62444B-06
311 43629804 6.4358B-06°
152 - 43617804 62239E06
232 83605E-04 6.3001B06
370 43536E-04  6.2367B-06
197 4332504 61910806
264 43318E04  621I7B06
404 43314E-04  6.1319E-06
198 43280E-04 6.2007E-06




C-9

( " TABLE C.1 (Cout.)
Confirmation Adult Adult
Thit Resident Visitor
356 43193E-4 6.1643E-06
- 420 43013504 6.18288-06
293 47981804 6.2768E06
) ¥ 42061804 6.2054B-06
3i6 4.2046E-04 6.1620E-06
DAG 42001H-4 6.4915E-06
3713 42881804 6.1471B06
0 427M9BE04  6.131BE-06
085 42738804  6.17HIB-06
MY 42735E4  6.1197B06
. 308 . 42%97E04  G0BGIEO6 . - . -
. 207 4.2551E-04  6.0758B-06
265 4254804  6.1003E-06
305 4253004 - 6.07T44E-06
200 4.2530B-04 6.1045E-06
204, 4252804 6.09198-06
251 42513804 6.0905B-06
331 4 2485B-04  6.1159806
194 4.24608-04 6.0855E-06
a2 42169E04  6.0179E-06
201 421448-04  6.0619E-06
287 42120804 6.0814E-06
338 4.21028-04 6.0327ED6
213 42033804 6.0412B-06
349 42031B-04 6.0074BD6
346 4.2020B04 6.0057E-06
226 4.1848E.04 S9822FE06
374 41848804 5.9996E-06
355 4 1THED4 5.59605E-06
' 360 T 4A6TTE4  5.97T75ED6
300 4.1306E-04  5.8175B-06
392 4.1265E-04 5.9028E-06
382 4.1240B-04 - 5.8882E-06
405 4.1161E-04 5.8760E-05-
195 4.1104B-04  $5.8935E-06
401 4.1096E-04 - 5.B641E-06
200 4.1053E{4 - 5.8654E-06
221 . 41035E-04  5.8845E-06
239 40097804 5.B3REE.06
417 4.05T0E-H4  5.2819E-06
354 4.0750B-04  5.8218E-06
. 348 4.0639E-04  5.8020E-06
( 407 " 40633804  5.8022E-06
: 299 4,0632E-04 5BITIED6
354 40607604 5. 7942E06




-1

TABLE C.2 {Cont))
Confirmation Adult . Adult
o Unit Resident Visitor
269 40557604  3.B151B06
199 40532804 5.80BGE-06
359 40524804 - 5.T931B-06
244 40478804 57930806
314 40376B-04 - 5. 7962206 -
189 40291B04 STIETBO6
259 - 40219804 5.7603E-06
258 C 40123804 5. 74B1E-06
286 40072E-04 5.8000E-06
M5 40043804  S.T5RIB-06
408 3974804 S5.6861E06
200 39728604  5T024E-06
359 39591804 S5.6791E06 -
282 3.9537E04 5.7580B-D6
344 394894 56637E06 .
27 3.9261B-04 . 5.63508-06
25 39165804 5.6050E-06
s 3.9126804 5.6025B-06
283 3.9051E04 5.640BE-D6
406 3.8087E04 5.5716B-D6
- 361 3.8086B-04 5.5958E-06
339 3.8700B-04 . 5.55TZE-06
288 1.872TR04 55547E-06
410 3.8717E-04 5.5298E-06
a0l 3.8667TE4  5.5464E-06
393 3.8543E-04 S5.5153E-06
203 1.84938.04 55300806
350 38465804 5.4957TE-D6
284 3.8460E-04 5.4993E-06
357 3.8312804 5A448B06
201 3.8154B-04. 3. 47ME-D6
296 3.8105E04  5.4649K-06
298 3.7876804 S.4496BE06 -
245 37736604 S5A40BIE-L6
294 3. 7636804 S.4005BE-06
A2 37534804  5.3869E-05
a5l 3. 7193804 5.3114E-06
222 3. 7033804 530H1E-06
342 3.6046B-04 5.2072B-06
262 . 3.6776E04  53044B06
- 270 3.6678E-(4 S5.2682E-06
256 3.6329EM 5.2806E-06
261 3.5600ED4 5.1359E-06
3.5582804 5.0803E-06




C-1

TABLE C.1 (CouaL)

Confirmation Adult Adult
Tnit Razident Visitor
295 . 34018B-04 4.9970E-06
340 34NEEDS 4.9857E-06
255 3.4316B 4.9608E-D6
341 3.4020E-04 4.3683E-06
252 3.3868E-M  4.8634E-06
267 3.3855E-4  4.8519E-06
‘268 130ME-04  4.T409B-06
413 32280804 4.6523E-D6
2 30645504 4.5608E-06
005 2.9013B04 - 4.1822E-06

- - 010 C2798TEO4  AOTYTED6
009 “2I9TTEO4  4.0711B-06
011 2779704 4.14T2E06
007 26190804 3.7733E.06
347 25169E-04  3.5816E-06
008 25147E-04  3.8250B-06
140 SOI2E-D5  L7224B06
139 3.876TEOS  7.5935B-07
055 3E1TEDS  7.T508RA07
166 36539805 T.273ELT
091 3.5TOIEDS 69948807
135 1.1853E-05 6.2409E-07
L35 24265E-05 * 4.7543B-07
326 21878E-05  4.5041E-07

002 2.1549E05  4.2220E-07
328 2.1224E-05 - 44452807
L 200572805 41051847
001 1.7296E05 3.3888E-07
094 LIOT2ED5  3.3440EL7
100 1.6566E-05 = 3.24378-07
045 1.6470B-05 3.2269B-07
083 1.2485E-05  2.6495E-07
164 1.1647B-05 . 2.2820B-07
048 1.1399E-05 2.2333B.07
107 LODGZE05  1.9715E-07
004 0.9452E-06 1.9485E07
116 90423E-06  1.54B0B07
049 9.80858-06 19218807
003 9.70713E-06 1.9019E-07
088 9.5543E-06 1.8T20E-07
375 04795806 2.1125BE07
113 DASQOED6  1.8517E-07
087 0267106 1.8157B-07
097 9250906 1.921SE-07
093 9. 1473B-0%

LTYE(T
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TABLE C.1 {Cont.)

119. 85116806 1.74608-07
082 - 8.831ED6 1TITEO7
327 8.7987E06 1.9573B07
158 87MTEO6 1.7114R07
105 B.6415B-06 1.6931E0T
114 85THED6  LEWTEL!
118 8.1273E06  1.5924B-07
117 79383E-06 - 15553807
106 72764806 14256807
157 63392B:06  L.2420B-07
019 .. 60385806 - 11831E-07
278 SG60E06 - 1.129TED7
277 49205806 9.6407E-08
384 4B872E06 1.0546B-07
206 3.7020E-06 _ 7.2540E-08




c-i3

TABLE C.2 Total Chembeal RIsk

Ordered by Descending Risk
Confirmation Adult Aduit
it Regident 3 Visitor
. 365  B99%43E05 51302206
O8O B.OOGSB-05  4.6258E-06
- 389 7.1692B-05 ' 4.0950E-06
086 SATO4EO0S  3.1303E-06
251 S.1560B-05 294535E-05
164 49540805 28309806
038 4 5960805 2.6257E-06
299 44071605  2.51698-06
© 297 | 43007B05 24614806
D022 0 40899805 - 2.33528.06
. 206 40817E-05 2.3313E-06
- 295 3.8560B-05 2.2251B-06
052 A7130EDS 2.1209E-06
334 36141805 20843ED6
281 360MEE05 LOS91E-D6
290 3.5526B-05 L0294E-06
21 34919805 1.9%46E-D6
090 34907TB05  1.9939E-06
362 33933805  1.9383B-06
{39 3.2920E-05 1.BB10E-06
332 3.1815B05  1L.BI173EN6
058  3.133E05  L79GED6
387 3.I002E05 L7714E-06
307 3.0803E05 1.7595E-06
044 - 3.0713E05  L.7543E06
372. 3.0666E05 1.7513E-06
356 3.0661B.05 1.7519B-06
276 3.06608-05 1.7534E-06
165 3.04508-05 L7391BD6
166 3.0292E05 L.729TE-06
062 3.01266.05 1.7208B-06
1N 29656E05 1.6933E06
219 29644805 1L6931ED6
153 - 2.9451E-05 1.6828E-06
30 29426B05 1.6808E-06
309 29216505 1.66878-06
069 20127E05  L663TE-06
DAG6  2.8925B05  1.6522B-06
202 . 2.8734E05 164238406
285 28T30BE05  1.6410E-06
060 2R481E-05 162698006
370 28328E05 LAITOE-DG




G4

TABLEC2 (Cont)

Confirmation Adalt - Aduit
Uit Resident — Vixitor
169 2812905  1.6065E-D6
201 ° 28116E05 1.6058E-06
275 2.8010B-05 . 1.5995E-06
284 2.7993B-05 1.5987E-06
059 = 2.798IE-05 1.5987E-06
320 2. 7900E-05 15945806
280 2789905 1.5935E-06

283 27MIENS  1.5873E06
067 . LTISEE-05 1.5360B-06
. 066" 27564E05 . 1574SE06
CI00 . 27511E05 LSTIBEOG
- 208 LHG3E05  1.5685E06
068 27251605  1.5565E-06
303 2TI9IEDS  1.5532B-06
T ATI32ELDS 1. 5498E-06
287. 2.70268-05 1.543TB06
003 L6900E-05  1.5370B-06
213 2.6889E-05 - 1.5359E.06
328 2.687TE05 L5352B-06
192.  268IE05 LS5MIE06
no2 26857805 1 .5347E-D6
040 2.6711B05 15257806
- 360 26450805 LS107E-DG
02 26432805  15007ED6
- 159 25101B-05 1.4907B-06 .
252 26044E05  1.4875B-06
7 - 25947R05 1L4819ED6
. 253 25804505 1.47B9E-06
. 329 2.5647B-05 . 1.4649E-06
319 25413805  1.4514B-06
a7 25306805  1L4SBE-D6
316 2.5349E-05  1.4477ED6
N 2534E05  1.4458E-06
119 25225805 1.4408E-06
1o 23229R05  1.4403B-06
300 2.5210B-05 1.4399E-06
or7 2.5140B-05 1.4359E-06
196 25119E05 143448806
167 Z5103EDS 1.4237B-DS
304 24999805  1.4278E-06
065 Z49T6E-05  1.4266B-06
335 2ZAMBE-DS  1.4249E-06
282 . 2479TB-05  L4163EDS
397 24697E-05  1.4106B-06
236 2.4645B-05 -

1.4076E-D&




Confirmation Adult - Adglt
Tnit - Rexident Visitor
359 . 24GBE0S 14052206
389 2A45TE0S 139ME06
286 24320E-05  1.3890E-06
063 2.4260B-05 1.3856B-06
051 2 4259E-05 1.3855E-06
218 14200005 1.3826E-06
311 - 2AQME-DS  1.373IE-06
355 2LHB2E0S  1.3T2TE06
32 2.3937TBD5  13I6TIED6

. .333 . 2379%B05 . 1L359IE-D6

348 2.3792E05° 1.3588E-06
202 2370205 1.3535B-06
337 2.3549B-05  1.3449E-06
‘813 23128805 1.3208E-06
336 23104E-05  1.3195B-06
323 23017805 1.3146B-06
279 23003895 1.3137E-06
303 . . 2.2012B-05  1.3086E-06
203 22832805 1.3039E-06
306 22803E05 1.3035E-06
293 22THEBN5 - 1.30068-06
358 2.2403E05 12794806
064 . 223NE-05 127T76E06
37 LWEL5 1. 2693B-06
057 22091E-05 1.2618E-06
318 21933805  1.25268-06
061 2.190IE-05  1.2508E-06
310 2.YTMEQS  1.2435B06
314 LITBEDS  1.2406B-06
201 216025605  1.2394E-06
3035 2.1663B-05 1.2373E-06
357 2.15068-05 - 1.2283E-06
325 21444505 1.224TE-06
349 2.1406B-05 1.2225B06
071 213426805 1.21895-06
312 21278805 1.21525-06
111 21270805 1.2147E-06
214 213IED5 1.2125E06
308 2121TE0S . 1L.2118E-06
327 - 2 1140E-05 12074E06
205 2 1090E-35  1.2045E-06
305 2.1082B-05 1.2039E-06
152 2.1081B-05 1.2045B-06
200 20024B-05 1.1949B-06
344 2 0708E-05

1.1826E-06
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TABLE C2 (Cont.)

Confirmation  Adult Advlt
Unit Resident | Visitor
073 20686805 . 1.1814E-06
343 20674805  1.1B07E-06
147 20536B05  LIT62E06
215 20475805 L1693E-06
212 20353B05  11624E06
216 . 2.0263E0S  1IST2ZR-06 |
204  20122B05. LI490B06. . .
208 - 2.0105B-05 - 1.1488E-06
195 - 19939B:05 11386806

C 193 - 198BS 11330B06

3¢ 1980605 - 1.1311E-06
020 1L974SE05 .. 1.1275B-06
109 19735E-05 . 1.1Z72E-06
209 19564B-05 1.11TZE06
075 19532605 1.1154E-06
346 1.9509E-05 1.1142E06
024 1.9411B05 1I0S3E06
330 1.9319E-05 - 11033806
373 1.9083B-05  1O899E-06
041  1903IEG5 LOBEYE-06
054 ° LBISYBOS  LOS28E-06
217 18958805  1.0BZ7R-06
381 18526805 10810806
023 1.8847E05  L.OT60E-06
028 18803805 1.0739E-06
047 18762805 1.07158-06
198 18758605 - L.OTIIBO6
350 187MES  1.O7TI0E-06
288 1.866ZE-05  LOGSEB06
034 18584605 10616506 -
076 1.8544B05  1.0S90B-06
374.  1.8529B-05 LOST9EA06
052 1.8436B-05  1.0529B-06
072 LB36TE-05  LO4BIE-06
238 18343805 1.0472ZE-D5
194 1E201B05  1.03%45.06
070 1.8194E-05 - LO9IEDS
326 18175E05 1.0380E-06
204 18009805 1.0284E06
237 1781E05  1LO204E.06
338 1.7479B-05 9.9810E-07
315 L747TIE-05  9.9780E-07
382 1.7398E-05  9.9345E-07
156 1.70826-05 9.7602E-07
331 1.6879E-05 - 9.6376E-07




C-17

2.0712E-06

TABLE C2 (Cont.)
Unit - Resident Vigitor
035 L6343EB05  5.6187E-07
036 - 16634BOS  9.5000E-07
211 - 1.6125E05 9.2033E07
239 LS09TEGS 91925807
207 LGOB9B05 9.1B6TEDT
032 ‘1.6G32E05 9184487
322 L60MELS 91564807
o4 1.5968E-35 9.11R4E-07
199 L5692E-05  8.9504E-07
S 001.-  1S607BO5 - 8.9133E-07 .
111 ULASSIB05  8.8T9SBOT
043 14073805 8.0336E-07
031 - LAO34E-LS  8.0138B07
033 1.3959E-05 ‘7.97T13B-07
267 L37I4BG3  7.836TEO7
085 L2696E-05 7.2495B07 -
121 L2655E-(%  T2259E-07
042 1.2625E-05 - 7.2017E-07
122 1.1916605 6.8028E07
334 LI1039B-05 63073807
274 L1027B05 6.3011E-07
133 79365006 4.5288E07
112 6.8209B-06 3.8938E07
137 6.625TEDG 3. 7790807
391 65.00038-06 3.48028-07
132 S01208-06 3.3729E-07
135 51354806 292838407
131 S0823E-06 2.8978E-DT
254 49220806 2.8131E-07
263 4. 7160606 2.6948E-07.
136 46999606 2.6803E-07
268 AGB41E-06 2676607
138 4.30388-06 . 2Z4531E07
aso - A40936E06 2.3392E07
266 38920806 2.22408-07
168 32212806 1.8331E07
129 3.14TIE-06  1.7914E-07
m 2.0804E-06 1. 7082EY7
- DA5 295E06 1.6870E-07
130 25363806 1.4422B-07
353 2468606 1.4106E-07
1 - 242MB06 1371ELT
265 . 22BG5E06 1.3066E07
354 22800806  1.3030E-7
128 L.1798E-07




JeRT:

TABLE C2 (Cont,)

. Unit Regident Visitor
123 1966506 1.1176E-07
124~ L9349E06 L10987BO7
106 14537BD6 . B.2493E-08

. 260 14173E06 8.0989E-08
103 ° 10638E-06 '6.00R7E-08
347 . 82035E07 4.637TE8
101 7.65TIB07  4.3106E-08
221 69301807 - 3.9601E-08
125 5.620MR07 31448808

. 098 . S5.1712B07 2.8887E-08
127 47TS9EEO7  2.6868E-08
104 4630TE-07  2.57I6B-0B
273 3900807 22412E-08
102 36491507 2041ZE08
181 34992E07 1.9995E-08
097 31521807  L80126-08
162 30987E0T  1.7707B-08
126 23726847 12966B-08
197 23525807  1.3443E08
163 22668807  1.2293B-08
364 20444507 . 1.1682E-08
099 1917807 1.0399E-08
392 1.6510E-07 9.A4344E-09
33 16438807 9.3933E-09
100 82055808 3.9392B-09
143 GA3GHED8  3.6787E09
232 63027E08  3.6016B-09
2 5.3039E08 3.3165E-09
146 - 53146E08 3.0369E-09
182 29921508 1. 70986-09
172 28815E08 . 1.6466E-09
025 23264E08 1.3294E-09
030 16996808  9.7118E-10

107 L68STE-08  3.61465-10
027 1.0551E08°  6.0Z80K-10
145 1.0S0ZE09 61728811
179 0.0000E+00  0.0000E+00
356 0.0000E+00 0.0000E+00
235 0.0000E+00  0.00008+00

. 026 0.0000E+00  0.0000E+00 _
250 0.0000E+00 0.0000E+00
361 0.0000E+00  0.0000E+00
363 0.0000E+00  0,0000E+00
117 0.0000E+00

0.0000E+00
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“TABLE C:2 (Cont.)

Copfirmation  Adhlt Adult

. Uit Resident .~ Visitor
180 0.00008+00  0.0000E+00
264 D.00008+00  0.0000E+00
018 0.0000E+00 0.0000E+00
015 0.0000E+00  0.0000E+00
014 0.00008+00  0.0000E+00
011 0.0000E+00 0.0000E+00
239 ©  0.0000E+00 0.0000E+0D
170 0.0000B+00  0.0000E+00
158 0.0000E+00  0.0000E+00

.. .185 . 0.0000B+00 ©.0000E+00
T3 e 0,000E+00  0.0000E+00
- 270 0.0000E+00  0.0000E+00
71 - O.0000E+00 0.000GE+00
225 D.0000B+00  0.0000E+00
06 0.0000E+00  0.0000E-+00
272 D.0000B+00 0.0000E+00
157 0.0000B+00  0.0000E+00
108 0.0000E+00  0,0000E+00
234  0,0000B+00 -0.0000E+00
116 0.0000E+00  0.000CE+00
42 .0.0000B+00 G.0000E+00
246 . 0.0000E+00  0.0000E+00
28 0.00008+00 0.0000EA+00
21 0.0000E+00  0,0000E+00
183 0.00008+00  0.0000B+00
24 : 0.0000B+00  0.0000E-+00
26 0.00005+00  0.0000E+00




- c20

TABLE C3 Chemical Hazard index

Ordered by Descemnding Hazard Risk
Confitmation Adult Adult
Unit Residemt * Visiter
399 BOGOSEHID  4.60ME-01
365 7.5423E-01  4.53B4E-02
086 6.5257E-0} 3.7279B02
080 49469E-0F  2.5257TB-02
317 47148601 2.69298-02
135 42008801 24507E.02
307 41999501 2.3989E-02
321 4.1027E01 23432802
308 . 4.0884E-01 @ 23352802
38l 3.7864E-01 2.1828B-02
320 3.7789E-01 2.15798-02
319 37134B01  2.1206E-02
333  3.55558B0F  2.0304B-02
306 3462701 1.9777B02
283 3.4004E-01 . 1.S410E-02
251 - 33991B-01 1.%4128-02
314 33809E-01  1.93598.02
. 059 33464E01 19112202
167 33399801 1.90748-02
201- 32682B-01 1.8862E.02 -
292 . 3.2637E-01  1.E863TE-02
287 3.1904E01 - 1.8220B-02
299 3.1784B-01  1B138E02
DAS  3.1403B01 1.7935B-02
ang 3.0883B-01 = L7SME-2
313 JL4TIED]1  LTADE-D2
301 3.0282R-01 ~ L7294B-02
"366 . 3OIGEDL  1.72368-02
206 29386801 1.6TT3E2
297 29315801 L6T30E-02
295 29145E-01  1.6634B-02
331 29088801 1.6600B-02
165 2901TE-  L.65GTE-02
311 L 2O007TE01  1.6%61E-02
352 2R94TE-01 1.6530E-02 -
3489 28440E-01 1.6257EO2 .
302 . 2B30SEO1 1.61648-02
253 29BN 13972802
30 2.TT46E-01  1.5B41E02
037 2.7201E01  1.5586B-02
SDA

2.6967E-01

1.5410E-02
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TABLE C3 (Cont)

" Unit - Residemt  Visitor
367 26767801  1.5287EL2
288+ 261M4ED] 14952B2
166 = . 26106801 1489702
390 26005801 14932802
312 25TUEDL  14693B42
393 25504B01  14614E-02
303 25536E-01 1458102
374 25532801 14381E-0
282 - 25205B01  14443E02
(985 . 25185B01  1ASTOE02
284 24539B01  1.4000E-02

293 2445801  13842E-02
275 24042E-01  13727B02

- 23886801 1.3637EL2
. 2369401 . 13520802
23610B-01  1.34808-02
23484801 1340902
2347T5B01 - 13402802
23024E01  1.331E-02
23306E-01  1.3305E-02
23199E01  1.3346B-02
22085801  1.3107B-02
29854801 13070802
22699501  1.2956B-02
22462801  1.2822802
22277801 . 1.2T18E-02
22197E01  1.2674E-02
22194E01 12672802
22162E01  1.26548-02
37t 2.1886B01 . 12494842

HERBYEESEEEE LAY

330 21784EC1 1243652
289 21756E01 12424802
298 21552601  1.2303E-02
372 21536E-01 12294802
062 21535801 1.22958-02
336 21368E01 - 1.2199B-02
300 21137E01  1.2063B02
092 21128B01  1.2061E-02
252 LI93E0L 12042802
138 21016E01  1.1997E-02
294 2.0910B01  1.1935E-2
135 2.0562E01  L.1749B-02
358 20276E01  11574E-02

090 2.0219E01  1L.154IE-02
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TABLE C.3 (Cent)

Confirmation  Adult Adult
Uit Resident ____Visitor
029 1992101 1.1%7E02 .
063 . 19613B01 1L1197E-02
360 1.9384E-01 . 11065802
035 19334B.01  L1039B-02
0z1 1.9201E01 ° 1.O9S9BA2
322 15010801  1.0854E-02
054 LBSSOEO1  1OTSHE(2
334 1.8799E-01 1.0731E-02
137 LE758E01  1.OTOGE-02

L OT7. . L86MEDOL  1.0637B-02
060 ' L8599E01 LOGITE-02
350 18546801 LOSSTBO2
395 L8267E-01  1.0425B-02
m 1.80866-01  1.0335E-02
058 L8076E-01  1.0319B-02
387, 1.8072E-01  1.0327B-02
276" L7565E01  1.0028E-02
357 L7261B-01  9.8528B.03
036 L7I7IE01  9:8036E-03
219  LJ057B01  9.7329E03
064 16917801  9.6554B-03
073 1678101  9.5TFIE03
133 1.6652E-01  9.5029E-03
028 1662301 9.4897E-03
191 L641SE-D1  9.3661B.-03
068 1.6407E-01  9.3650B-03
032 L6340E01  9.3286E-03
338 LE295E-01  9.2098E-03
131 1L625B01 - D2S9LE-03
067 1.5080E-01  9.1272B-03
039 15950501  9.1048E-03
153 15926B01 9.1005B-03
044 1.5829E-01  9.0332B-03
051 1.5826B01 9.03Z7E-03

136 1.5713E-01  8.9686E-03
379 15436E-01  8.8050E-03
040 15429801 8.8033E03
28 1.5299E-01  8.7326E-03
075 1.5258E-01  8.7074E-03
190 15156E01 B.6477E-03
332 15143801 8.6407E-03
071 15142E01 8.6426E-03
003 1.5012E-01  8.5781B-03
346 14896E-01 - 8.5016E-03
213 14880E-01

3AGI2E-03 -
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TABLE C3 (Cont.)

Confirmnation  Adnlt

Adult
Unit Resident ,  Visitor
329 L474SE01  BAL4GE-03
074 1469801  B3E79E-03
192 14687501  8.3TNE03
076  14650ED1 8.3510H-03
o2 14617ED]  8.3414E-03
047 L4S01ED1  8.2763E-03
060 14222801  8.1170B-03
337 {AZNBO0L  8.11348-03
159 14MGE0I  8.0137E-03

196 . - '1385IBDI  T.S038E-03
316 = 13814801 7.8802E-03
022 13579801 7.74406-03

; 208 1.3453E-01  T.6877E-03
109 13436801  7.6634E.03
061 13337601  7.6110B-03
397 1.3306E-01  7.5926B-03
207 13183E01  7.5211B-03
218 L3068E-01. 7ASSIE-03
202 13037601  74354B-03
052 12922801 - 7.373€B-03
348 1.2767B01 - 7:2832E03
023 12719801 7.2509E-03
057 12701801  7.2479E-03
05 12646801  7.2264E03
0 12500E-01  7.1B45B-03
209 1251001  7.1363E-03
324 12405601  7.0770E03
066 12301E01  7.0190B-09
203 12291E01  7.0113E03
327 12234E-01  6.9B06E-03
11i 12189801 . 6.9521E-03
020 12155801 6.93028-03
261 11995801  6.8542E-03
024 LI19S4ED1  63149E-03
326 1.1863B01  6.7690B-03
152 LIGITEO1 6.6TMELD3
349 LIS5TEDL  6.5926B.03
214 1.1476B01.  6.5477E-03
343 L1470E01 65436503
147 11397801 6.5128E-03
200 11378801  6.4888E-03
344 LI34EOl 64SIKE-03
290 11331E01  6.4640B-03
215 LI1264E01 64251E-03
205 11244E-01

- 6.413E-03
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TABLE C3 {Cont)

Thadt Resident ,
26 1.1209E-01
260 1,1064B-01
212 LI25SE-01
195 1.0933B-01
193 1.0873B-01
217 1.05138-01
033 - LMBAB-01
158 1.02268-01
355 1.0200E-01
350 - 10162801
238 1.0045E-01
382 1.O0M4E-01 -
1M 1.0042B-01
237 1.0008E-01
204 9.8550B-02
140 9 6505E-02
035 9.5089E-02
159 9.49390E-02
043 94899E-02
315 9.26MEBH2.
031 9.1538E-02
0 9.1336B-02
211 9.1231E2
SDB 8.9095E.02
210 8.8230E-02
014 8.8150E-02
199 -8.6693E-02
085 7.9292E-02
013 1.7359E-02
sDe 7.6336B-02
103 7.5565E-02
042 1.369E-02
121 7356602
122 7.1189E-02
. 385 6.84938-02
162 6457802
132 CA6TZE2
101 60545802
SDD 5. 7811802
386 5.TR0E.02
347 5.1986B-02
D98 45328842
112 4,4525E-02
139 4.2556B-02
016 4.1838E-02




T e
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TABLE €.3 (Cont)

Lhajt Resident . Vixitor
017 4.0605E-02 2.3203B-03
104 4.0055B02  2.2755B-03
‘081 - 39680B02 22674803
027 A9434E02  225ME03
091 30101E02  2.23958-03
096 3864282 2.2081E-03
L36 34967802 . 1.9981B.03
" 233 32242802 1.84248-03
257 3.1959E-02  1.82626-03
o012 .- 30392802 LT7367E03 .
L1020 U 30265802 LT2098:03
128, 2.9938E02  1.7035E-03
o011 297T3E02 . 1.6085B-03
380 2ETRAEO2 16448803
097 28196802 1.6112B-03
100 2.8154B02  1.50428-03
145 27310802 1.5606E-03
L35 2663TE2  1.5221B3
164 2.5212E02  1.4407B-03
163 24900B02  1.41058-03
002 23655802  1.3517E-03
232 23069E-02 -1.3182E-03
L34 2.3000E02 1.3143B03
256 2.2250E02  1.2715B-03
099 21999502  1.2462E-03
030 2.0503E02  1.1716803
388 1.9716E02 11266803
124 1931402  LOMBE-03
001 1.8987E02  1.0850E-03
094 1.8741E02  1LOTO9E-03
143 1.8702E02 10687803
197 18553802  1.0601B-03
045 1.2080E2 - 1.0331B-03
412 1752002 1.0011B-03
018 1626002 . 9.29158-04
127 1.6107B02  9.0952B-04
134 1.5945E02  8.9758E-04
220 1593102 . 9.10348-04
142 L5S94E02  8.9111K-4
056 LSS4OE02  B.BSOOR-04
089 1.5427TE02  B.81S4E-04
146 15412802  8.8071E-D4
255 1.5370B02 8.7830E-04
108 LS30TE0Z  B.7469E-04
1.5291E02  R.7375E-04
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TABLE C.3 (Cont.)
" Coofirmation Adualt Adut
. Unit Besident, = Visitor
129 LS08ZE-072  S.4825B-04
272 1A973E-02  8.5562B.04
262 14732602 - 8AIS81E-04 -
by 14629502 33592804 -
46 14303802 8.1734E04
144 14217B02  8.12432.04
050 1L39TRE-(2  7.9874E-04
273 13672802 7.8127BE-04
083 1.3063802  TAG44E-4
- 180 12702 1.29TB-04
© 084 12IE02 - 7.2697804
048 12513802  ‘1.1503B-04
. 368 12352802  7T.0411B-04
420 1.18408.02  6.7656E-04
181 1.1799802 6421604
182 114902 6.5656B-04
107 13424802 64110B-04
364 L1124B02  6.3560E-04
115 1.1099E02  6.3425E-04
095 LI1064E02  63225B-04
004 LO9ITE02 62385804
116 10914802 6,2368E-04
- 049 1.0767R02  6.15288-04
- 088 1.04BBE(2  5.9933E-04
113 1.0375B02 5.5284E.4
087 1017302 5.8131804
161 100ME(2  5.76R2E-0M
w3 1.0041IEL2  5.7380E-04
115 97828803 5.5901E-04
. 082 9.6567E03 - 5.54098-04
375 9.509IE.03 54852804
158 9.5885E-03 54792804
105 9ABG2E-(3  5.4207B-04
114 94111803 5.37T8E-04
175 9.0MGBENS 5.18308B-04
118 89217803 S5.0981B-04
" 188 B.9079B03  5.0902E-04
123 8.7330E)3 4.85718B-04
117 8.7143E-03  4.9706E-(4
187 8$6475E03  4.5414E-04
025 8.6237E.03  4.9279E-M
148 R.5643E-03 ©  4.8939E-04
120 B8.5551E-03 48886804
172 8.3965E-03 4.7980B-04
340 ' 4.6450E-04
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TABLE C3 (Cont.)
Unit Resident Visgitor
176 R.095E03 4.6262E-04
009 S07TIIE03 4.612EM4
010 79142803 4.5224B-04
130 7008803 43773E04
185 THITED3 443524804
263 TICGREN3 44047804 .
378 T.HMED3  43968E04
006 7.6895E-03 4.3940E-04
026 CTESTZED3 43T2TH-04
L -9 - 7598603 | 4.3420E-04
S 160 ¢ CTSAIGE03  4.29BOE-04
“ 361 75084503  4.2905B-04
125 TASMENS 4.14348-04
222 TAIZIED3  4.2465B-04
264 - TA255H03 4 2431E04
417 7.3808E-03 4.2227TB-04
184 TITIGEB  4.15528-04
- AL - TI403E-D3  4.0802B.04
418 TIZ3HEDS 4.075TE-(4
126 7.1251B03 3.9564E-4
411 TI1154E03 4.0660E-04
156 T.10S6E-03  4.0603E-04
183 T.O08ME-03 4.0511E-04
186 7JO08T0E03 4.497E-D4
221 70T3E03 4.0419E-04
157 6.95B9E-03 3.9769E-04
170 6.9071E03  3.9469E-04
174 6.9019E-03  3.54408-04
239 67TTTED3 . ABTI0E-D4
151 6.6976E-03 ~ 3.82T2B-04
015 6.6287TE03 3. 78TBE-04
178 6.5084E-03 3. 71918-04
330 6.5035E-03 3.7163E-04
396 6. 4460E-03 3.6834E.-04
141 64292E03 3.6738E-04
230 6.3841E03  3,6480E-04
231 6.3485E03 3.6277B{4
179 6.3477TED3 3.6273E-04
218 6320603 3.6169E-04
154 6.3185E03 3.6106E-04
155 6.3002E03  3.6001E-04
268 - 6.2052B03-  3.5973E.04
140 6.2845E-03 3.5911E{4
173 6.2803E-03  3.5B87E-04
180 - 6.2526E-03 3.5729E-04
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TABLE C3 (Cont}

Confinpation .

Adult

BEBRSIIEY F

o
Tl
h

§§§§§E§EQ§§§§§EEEEEE%%E%EE%%%EEEQ%%i

2.5587E-04




;

[T Y TPRITTITLY. g%

4.3952E-G3
4.38368-03
4,33458-03
4.3054B8-03

4.2930BE-03
- 4.2T40B-03

4.1963E03

- 4.1897B-03
. 41838803

4,1THEQ3

4 1541B08

3.9588E-03

-4, 7463E-04

2.5116E-04
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TABLE C.4 Total Radon Risk Ordered

by Descending Risk
Confination . Adult « - Adult
067 3.5679E-03 NA®
168 2AUE-03 NA -
412 L1415E-03 NA
310 2.0631E-03 NA
046 2.0092E-03 NA
165 2.0063B-03 NA
411 1.9350B-03 'NA
329 1.8123B-03 NA.
380 - 16729803 NA
304 - 1.668TE03 NA
014 L642TE03 NA
281 1.5888E-03 NA
KL 15T27E03 NA
275 1.5682E-03 NA
390 1.567TIE-03
169 1.5544E-03
096 L5532EDS
058 1.5407E-03
160 1.5299E-03
095 1.5094B-03
167 1.4831E03
057 1.4826B-03
080 1.47688-03
005 1.4589E-03
028 1.4513E-03
092 14406503
- 089 1.4441E-03
162 3
006 1.4338E-03

ZEZz2EEEEEERERRELRTREERRRER

BREESSS58EE
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TABLE C4 (Cont.)

Confimeation Adult Adult
Lnit Resident Visitor
Q50 " LAB4OE-03 NA
124 1.3835E-03 NA
086 1.3831E03 NA
038 1.3821E-03 NA

- 133 1.3808E-03 NA
135 1.3786E-03 NA
051 1.3750803 . NA
068 1.3723E03 NA
010 LATIIEDS NA
009 - - L3699E03 NA
029 L3GBOEO3 1 NA
130 1.3682B03 @ NA
- 030 " L3646E-03 ‘NA
101 1363ED] NA
o7 13626803 NA
163 13563803 NA
27 1.3545E-03 NA
- 044 1.3544B-03 NA
103 - LAS02E03 NA
D16 13479803 NA
174 13475863 NA
161 1.3389E-G3 NA
134 13382E-03 NA
228 . 13365803 NA
056 13365E-03 NA
142 1.3361E-03 N
111 - 1,3361E.03 NA
185 1.3336E-03 - NA.
125 1.3319E-03 NA
055 1.3300B.03 NA
176 L32R3E-03 NA
025 1.3258E03 NA
023 1.3241ED3 NA
060 1.3223E03 NA
138 1.3195E-03 " NA
7 s 13190803 NA
378 1.3185E-03 NA
oo 1.31708-03 - NA
047 1.31618-03 ‘NA
026 ' 1.3156B-03 . NA
379 1.3099E-03 NA
274 130798603 NA
176 - 13076E-03 NA
136 1.3075E-03 NA
" 061 . 1.3065E-03 Na
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TABLE CA4 (Cont.)

Confirmation Adult Adalt
Unit Resident, Visitor
040 1.3062E-03 NA
131 1.3026E-03 NA -

-39 13026B63.  NA
062 1.301EE-G3 NA
J306 . L30IIEAD3 NA
143 . 1.2952E-03 NA
120 1.2916E-03 - NA
024 1.2890E-03 NA
018 1.2854E-03 NA
022 - . 12B4BED3:  Na
043 12824803 NA
037 1.2815803 NA-
042 1.2794E-03 NA
Y75 12THOE-03 NA
184 1.2755E03 NA
137 12731E-03 NA
332 . 12716803 NA,
052 - 1.2T08E-03 NA
305 L2T4E-03 - NA
036 1.2693E-03 NA
171 1.2662803 NA
008 - 1.2645E-03 NA
031 12638E03 - NA
011 L2G16E-03 NA
064 12611803 NA
073 1.2575E-03 NA
065 1.2558E-03 NA
334 1.2540E-03 NA
123 12525803 NA
126 1.2502E8-03 NA
136 1.2458E-03 NA
081 1.2468E-03 NA
032 1.2400B-03 NA
381 12378E-03 NA
187 1.2377B-03 NA
021 1.2356B-03 NA
063 ‘1.2339E-03 ‘NA
071 1.2329E-03 NA
108 1.2288E05 NA
216 L22S7H03 NA
104 1.2248E03 NA
324 1.2223E-03 NA
179 1.2215E-03 NA
193 1.2168E-03 - NA
L2165E-03 NA

132
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TABLE C.4 {Cont.)
Uit Resident ___ Visitor
1m 12138603  NA
182 1.2117E03 NA&
- 153 1.23043B8-03 NA
115 1.1983E-03 NA
076 11933803 NA -
035 1.1925E05 NA
180 1.1914B-03 NA
173 1.1891E-03 NA
289 11846803  NA
075, . LITEO3  NA
1T 1.1750E-03 NA
321 1.1701E-03 NA
127 1.1700E-03 NA
an? 1.1680E-03 NA
- 183 L16T2E03 NA
146 L1671E-D03 NA
085 1. 1660803 NA
034 L1642E-03 NA
2n 1.1639E-03 NA
336 1.1636E-03 NA
o7 1.16198-03 NA
335 1.1613E-03 NA
020 1.1608E-03 NA
I8 1. 1603B-03 NA
368 L15ME.03 NA
141 1.1571E-03 NA
217 1L.1551E-03 NA
218 1.1516E-03 NA
110 LISISE3 NA
138 1.1493E-03 NA
. 365 L1374E-03 NA
147 1.1¥YMED3 NA
i21 L1364E-03 NA
240 1.1181E-03 NA
143 1L1165E-09 NA
- 367 1.1131E03 NA
325 - 1.1126B03 NA
08 1L.1121E-03 NA
0oo 1.1103E-03 NA
074 1.1095E-03 NA
152 1LIGTTEDR. NA
100 1. JO48E-03 NA
210 . LIOSE-D3 NA
o7l 1.1027E-D3 NA
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TABLE CA4 (Cont))

Confimation  Adult Adult
Unit Resident, _ Visitar
033 1.1002E-03 NA
389 1.0861E-03 NA
237 ©  1LOBSSBO3°  NA -
229 1.0809B03  NA
211 1.0803B-03 NA
034 LOBOZE03  NA
240 1.0777E-03 NA
BRG 1.0764E-03 NA
219 LO6T9E03  NA
337 .. LO6TTEO03 . NA
112 10674803  NA
323 1.0650E-03 NA
390 10584E-03. ~ NA
149 10476803 NA
242 LOMSEQ3 ~ NA
178 . LO412E03 NA
128 1.0399E-03 NA
246 LO3758-03 NA
248 . LOAGSE-03 NA
121°  1.0300B03 NA
319 1.02508-03 NA
303 102206803 ©  NA
227 10209803  NA
215 1.0203E-03 NA
223 - LOIBGB-03 NA
236 - 1.0150B-03 NA
122 °  1O0I2IB03  NA
159 1.0109E-03 NA
151 LOOYSEO3 ©  NA
233 1.0041B-03 NA
249 9.9029E-04 NA
253 98717604 NA
098 9,8645E-04 NA
145 9.8261B04 - NA
318 9.8047E4 NA
234 9.7993E04.  NA
387 OTISIB04  NA
312 97733804 NA
316 9.75TIB-04 NA
156 9.6888E-04 NA
150 9.5061E-04 NA
333 9.5832F 04 NA
232 9.53495-04 NA
230 9.5277B-04 NA
238 NA

9.53137E-(4
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( | : TABLE C4 (Cont)
Confinustion  Adult =~ Adult
Unit Resideat  Visitr
276 9.4259E4  NA
250  94227BH4  NA
208 94181B4  NA
241 9.4053E04  NA
205 -, 933404  NA
280 9328E04  NA
231 92542E04  NA
a7l 9160054 - NA
358 9.0529E04 - . NA
243 899MEO4  NA
Tz U aSeMEM - NA
214 8945604  NA
224 8S419EM4  NA
191 89343EM  NA
317 B9O7IEDd  NA
200 8831SE04  NA
292 8.8398E04  NA
| 302 B87IEM4  NA
{ - 370 378T6E4  NA
- 297 S7506E04  NA
247 S7505E04  NA
155 8THTEDE . NA
235 RE829E04  NA
254 865SIEO4 ~ NA
150  B62MBE04  NA
287  SETEH4  NA
192 8594E04  NA
194 85792B04  NA
195 §ST0IE04 - NA
263 85486B04  NA
196 84997THO4  NA
189 84728804  NA
330 84659E04  NA
418 84638B04  NA
416 84621E04 - NA
403 . - 84536B04  Na
266 83779E04  NA
239 83666E4  NA
400 83195E04  NA
154 . 8303084  NA
212 8200304  NA
_. . 251 8.1763B04  NA
( 374 8I6ME04  NA
291 8.1357E04  NA
271 813ITEO4  NA
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TABLE C.4 {Cont.)

Confirmation Adult Adult
Uhuit _Resident “Visitor
41% £.0970E-D4 NA
373 8085TEH4 - NA
221 8.0809E-04 NA
417 BOTTIEO4 - NA
204 -8.0173B-04 NA
198 2.00158-04 NA
22 71.9976E-04 NA
345 . TOBME4 " NA
366 7.94518-04 NA
2R . TOAEEN4 020 NA

293 7912604 NA
ARG 7.85778-M4 NA
300 7.84438-4 NA
398 7.8217E-04 NA
259 T.7560E-04 NA
285 1. 7415804 NA
349 T2 TAE-O4 NA
364 T.6950E-04 NA
313 7.6404B-04 NA
203 7.6286E-04 NA
264 7.62698.4 NA
200 7.6079E-4 NA
250 7.60668- 4 NA
352 7.5466E-04 NA
353 7.53458-04 NA
207 7.5345E-04 NA
392 7.5160E-04 . NA
391 7.4986B-(4 NA
an TA46328-04 NA
199 7.A590B-04 NA
282 74538604 NA
2655 7A3S0E-D4 NA.
208 7.43308-04- NA
420 TAZLTE-M NA
331 7.417T1E-4 NA
400 74064504 NA
414 73804804 NA
301 7312TE4 "NA -
204 7.3481E-04 NA
344 TAI9E-04 NA
288 73308804 NA
258 7.3070B-04 NA
269 7.3043B-04 NA
DAG F281IE4 - -NA
382 72654E-04 CNA
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- TABLE C4 (Coat)

i Atinlt
Unit  Resident Visitor
90 @ 72620BEH4 2 NA
305 - 7.2466E-04  NA
356 7.2195E04 @ NA
402 7.2135E-04 NA
314 7.1984E-04 NA
334 7.1938E-04 NA.
404 7.1655E-04 NA
s 11591E-04 NA
202 | 7.J493E04 NA

© 413 .. -7.1054B-04 NA
342 70745804 NA,
343 . 7.0605B-04 NA
348 1 0A86E-04 NA
396 7.0355B-04 NA
376 6.99638-04 NA
408 65.9711B-04 NA
350 6.95138-04 NA
201 6.9414E-04 NA
213 6.04128-04 NA
320 6.93928-04 NA
338 6.9268E-(M NA
405 6.9195E-04 NA
315 6.9066E-04 . NA
257 6.8861E-04 - NA
339 6.8837E-04 NA
267 6.8670E-04 NA
407 6.8620E-4 NA.
360 6.8443B-04 NA -
244 6.8262E-04 NA
228 6.8015E-04 NA
284 §.75319B-04 NA
362 6.7415E-04 NA
260 6.742TE-D4 NA
283 6.7061E-04 NA
406 6.68828-04 NA
w9 - 6.68708-04 NA
296 6.6761E.04 NA
268 6.6722E-04 NA
197 . 6.6375B-M NA
346 6.6201B-04 NA
401 6.5349E-04 NA
208 6.4754E-04 NA
295 6.4588E-04 NA
.7} 6.4317TE-4 NA
245 6.3942E-04 Na, -

-
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TABLE C.4 (Cont)

Adult -

Unit Reaident + - Visitor
393 6.3094E-04 N4 -
225 62800804  NA
351 6.2704E-04 NA
371 61890804  NA
351 5.1042E-04 NA
410 5.0798E-04 NA
359 " 6.OT93E-04 NA
256 6.05395-04 NA
T304 - G0IME-O4 - NA -

222 . 5.9531E-04 NA
357 56915804  NA.
252 - 550358.04 NA
255 5.58788-04 NA
52 53341504 NA
363 498258-¢ - Na
. 261 4.9102B-04 ‘NA
347 2.42188.04 NA _

2 NA = not applicable.
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APPENDIK D:

RISK FSTM&TEB C(}NSH)ERING BACKGRDUND CONIZ!ENTRA‘HOHS
OF THE, NATURALLY OCCURRING CONTAMINANTS OF CONCEEN FOR
© THE CHEMICAL PLANT OPERABLE UNIT -
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' APPENDIX D

RISK ES'I‘IMATE CONSIDERING BACKGROUND CONCENTRATIONS
OF THE NATURALLY OCCURRING CONTAMINANTS OF CONCERN
' FOR THE CHEMICAL PLANT OPERABLE UNIY

indices from background concenttations of the naturally occumring contaminants of concern,
Background concentrations determined for the Weldon Spring site soil are presented in -
Table 1.1, Risk estimates were derived for the hypothetical resident and recreational vigitor
© scenarios using the same methodology as that presented in Sections 4 and 5 of this report.
Tables D.2 and D.3 present the results of the risk calcolations performed. Tables D.4 through .7
present residual radiological risks, chemical risks, hazard indices, and radon risks, respectively,

for the two scenarios evaluated. The cstimates presented in the latter four tables represent the - -

estimates for the individual confirmation urits after background estimates were subiracted.

This appendix also includes four figures to delineats those confirmation units (CUs) that
. contain residual risks or a hazard index for a resident scenario gbove a certain selecied level. The
selectad levels were chosen for discussion purposes only for this report. Figure D.1 shows the
CUs that contain greater than 10°* radiological risk after background is subtracted; 16 of which
are outside the cell exclusion zons., Figure D.2 presents the CUs that contain greater than 16
chemiral risk after background is subtracted; 42 of the CUs shown are outside the cell exclusion
zome. Figure D.3 presents the Cts that contain a hazard index greater them 0.1 after background - -
is subtracted; 6 of these CUs are outside the cell exclusion zone. Figure D.4 presents those CUs
‘ that contain & radon risk greater than 10 after background is subtracted; 29 of thess CUs are
outside of the cell exclusion zone. - S




of the Chemical Piant Operable Unit

Contaminants of Concern

_ Coataminant 'Backginmd

Radiomuclides {pCi/g)

. Radlin-226 12
Radium-223 1.2
Thorimg-230 12
Uraniom-238 12

Metals (mg/kg)

. . Amenic - 26
Clromium 36
Lead 34
Thallium 16

. mmnum;.mm

ofmﬁ-ﬂ-,pﬂl}n:hlmmmdbhﬂmyl&

polycyclic aromatic hydrocarbons, and -
irinitrotoulens) are not congidered to be
naturally cccurring, and, therefoce,




mmwmww
Carcimogenic
Rexident - o . Vishtor
 Radlum226  2460x 100  1512x10°  4.642x10° 3288 x 107 8.640x10' 9953 x [0
Radium-228  2460x 100 1512x10°  4642x10° 3288x10'  8640x 10 . D953x 107
Thorhmm-230  2460x 100 1512x10° 4.642x1 328Ex 10" 8.640x 1 9953 % 16% -
Ursnium-238 2460 x 10"  1512x10° 4.642x1 3288x10' 8540x1 9953 x 10
Arsenic NA 4071 x 1% 5623107 NA 2326 % 1% 1206 107
Clromium _ NA - 7.786 % 10° NA . 1.660 x 107"
Thallinm - - NA - - Hﬁ- - . -
Tensmium DA, v - . HNA - -
_ Noncarinogenic
. Resident Vialtor
Areenic 9,458 x 107 - 5427 x 10* -
Chromin 1.315x10*  1.817x 10" 7515 10%  3.895 % 10
Thaliium 5.848 x 107 - T 3340x10% -
Uranium 1.315 x 10° - _7515% 107 -

. Uﬂymﬂbmmmmﬂﬂmmanmmm Buﬁyumdmmﬂwwnk
contaminents of concem sre assamed to be zero.

* NAindinnHtlmtthnghenpaﬂ:winnm:ppﬁuhh _
¢ A hyphen indicates that the contaminant is not considered Carcinogetic o toxic via the partcular puthwy.
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TABLE D.3 mmmmmmmwmmdm o
Mummmmmww | - D
Carainogenic Riak
Resident - - . Viitor
Radivm-226  2.1x10"  “SIx10° . 12x10° o 28x 109 29x 107 25 x 10"
Radirm 228 30x10'  50x10°  89x10? 40x10°  29x107  19x10°* .
Thorum-230 2.0 x 107 3.1 % $07 13 x 107 27 x 10™ 17 x ot 28 x 1ot
Unnizm238  34x10%  57x106°  "9.8x10" 4.5 107 32x10" | ZlxloM
Rad Total 53%10% . TS 106 _
Arsenic - . NA* . 61x10° . 84x107 NA 35x10% 18x10®
Chromiem NACTT T ETT T a2xet " HNA - 70x10®
Thalliom NA - - NA . '
Uraniom: NA - - NA .
Chem Total 6.1 x 10° ' 35% 10%
Total Rizk - ' A6 x 107¢ _ T S9x 10t

Arsemic A - Niv) -
Chromium 0001 D006 <001 <0001
Thalltem ] - 4 .
Upspivm D0 - D03 -
Hazard Index 1.1 06 '

. DﬂyMymwﬂngmmﬂmdmmMmﬁuuﬁmmwmmhw
contaminants of concen are assamed $0 be zer.

b thmﬁﬂmﬂgimpummhmmﬁubh
¢ Ammmmmmmmm@mammmmwm







TABLE D.4.(Cont.)

Confirmation Adult Adule
Unit - Regident Visitor
036 13811604  2.0436E-0b
050 1.36508-04 ~ 1.9909E-06
034 1.3448E-04 1.9477E-06
162 - 1310604 - 2.0814E-06 -
052 12651804  1.9735E-06
060 1.2846E-04  1.860ZE-06
332 12815604 1.3807E-D6
304 1.2620E-04  L.8750E-06

- o 1.2144E-04  1.7998B-06
041 1L2134E04  1.8165E-06

o058 L201SE-04  L3926E-06
031 LI9SSE(4  L7E5TEDS
051 LI91SE-04 LE348R-06
o713 LI1SOOE-0&  LS34OE-06
120 11576604  1.6655E-06
021 - L1466E-D8  1.9537E-05
217 1137204 1.7991E-06
{29 L1323E04  LGE2RE-06
- 103 L1275E-08 L.6S53E-06
030 " L1I8EE-04  LGTBBE-DG
052 - L11SYE-0¢  1.6513E-06
EY; L1101E-04 1.GO07E-D6
161 LI10SGE-04  L6194E-06
129 LO9TIE-04  1.5849E-06.
0ié 1.0703E-04 L7133E-06
110 LOG3SE-04  LSO33E-D5
057 1.0G26E-04 = 1.5683E-D6
130 1LO5SSSE-04 ' 1.5213E-06
047 LO2ED4 1.5390E-06
142 LO376E-04  1.3M7E-D6
040 LOZBOE-04  1.5134E-06
058 1O263E-04  1.5028E-06
Q06 LO227TE-04  1.4803BE-06
109 1.0DR9E-04  1L5094B-D6
393 0.9000E-05 14551E-06
104 0.6833E05 1.4205E-06
063 0.6240B-05  1.5128B-06
033 9.5117B-05 | 13843E-06
148 GAB49E-05  1379CE-D6-
054 SA4I4B-05 14AD9TBO6
379 O41TTEDS  1.3B36B-06
366 0275TB-05  14930E-06
026 92132805 1.3339E-D6
g70 0.184TE-05° 13755E-06
061 0.0936E05  1.3626B-06
135 D.0209E-05  1.3043E-06
124 9.0118E05°  1.3238E-06
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TABLEDA (Cont)

Confirmation Adult Adult
039 . - B997GELS  1.3977E-06
071 8.9286B05 13229806
012 R8405E05  1.3970E-06
042 8 7B1IB05  1.2692E-06
035 87662805  1.2919E-06
056 §.5020B-05 1.2731B06
381 84ITE05 12616806
140 B839HE0S  1.6442E-06
156 8.3666E-05 - - 1.2133B-06
153 83567B-05 1.2275B-06

. 176 . 83374E05 .. 1.2005B-06
174 $2846F-05 1.1973B-06
099 $.2429B-05  1.1983E-06
134 81817605  L.1812E-D6
334 RI432B-05  1.2886E-06
307 8.1101E-05  1.2346B-06
146 SO4T2E05 1.1711E-06
11213 T86TIRO5  1.1830E-06
170 7S002B05  1.1406E-06
025 77506E05  1.1295B-06
023 THI80B0S  1.150BE-06
125 - TIOITROS  11150E-06
005 76079605 - 1.096TE-DG
121 7.5868B05  1.0852E-D6
075 15664805 1.1296B-06
367 75430605  1.1614E-06
37 7356TB05  1.1385E-06
064  73022B05  LOBGSE-06
074 T2BVEO5  1.2984E-06
175 72711E05  1.0608E-06
185 T263ED5  1.0STOE-D6
301 72513B-05  1.4265E-06
133 71802805  1.0438B-06
022 1022TE-05  1.0618E-06
043 TO0M3B05  1.0825E-06
068 GO90OE-05  LO724E-D6

. 066 6.88528-05 1.0350E-06
187 6.7801E-05  9.8693E-07
081 6.60448-05 . 1.1185E-06
173 65230B05  9.3564E-07
289 . 6.5085E05 - 1.0314B06
137 65082805  9.4367E-07
DAG 64620B-05  1.2763E-06
13t 64023805  9.40285-07
115 63231805  9.32298-07
-101  63107THO5  9.4089E-07
163 62026605  9.4465E-07
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TABLE D4 (Cont)

Comfirmation  Adelt = Adult
Unit Resident Visitor
072 6.2625E-03  9.3658EL7
077 6.2433B05 9.395TE-07
123 6.I912B-05  9.0348E7
ol0 6.1826E05  9.L0783E-07
009  617IZE05 967T8E07
127 S.0600E-05  8.8045E-07
in 6.0421E-05 8. 7IWE07
154 6.0402E05 8.6303E07
011 SO031ROS  9.8343E07
138 ST176B05  R.3631E-07

.34 SHIGEDS  8.9518E407
145 7 SE3T6E05 9216007
186 5.6264E-05  B.1TAIEOT
- 257 5.5868E05  9.2641B-07
136 55789E-05  B.IS4IB07
112 55421805  B.0369E-07

24 55386805 BAST2E-07
302 SS5105B05  1.0866E-06
312 53530B05 1.OS3IED6
126 SMIIELS  1.ISRTED?
298 © - 5292105 7.RASEN7
018 52383B05  B.1113E07
306 5.1940B-05  7.8662E-07
076 51603805  7.5953E-07
177 5.1065B-05 7.3417B-07
024 50040E-05  7.4915E-07
273 AS32TEDS  TATOVE-O7
149 4.5618E-05 7.1415E-07
182 4.3525E-05  T.0465E-7
122 4.8513B05 70194807
007 4.7849E-05  G.8974E-07
151 4.62688-05  6,7163E-07
178 4.6234E05 _6.6183F-07
308 4.5225E05  TATRTR-O7
335 44745E-05 B.0642B-07
180 44561E05  G.TT26E-07
320 43547805  8H62BE(7
321 4.343RB-05 7.6278B.07
305 43161E-05  G.5459E-07
188 42875805  6.3136E-07
179 42297605 6.1513B-07
184 42027E05 62233807
147 41110B03  6.0217E-07
313 3.7662E-05  7.4264E-07
172 3.7633E-05  5.5076E-07
008 37420E05 . 5.3944E-07
325 6.2369E-07

3.6588E-05
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TABLED.A4 (Cont)
it Residemt - _Visitor

3%  36587EDS  6.3937BL7
311" 3.5649E05  7.0881E7
139 347BES  GAIBIET
368 3462E05 53280807
388 34SSIE05 5.6950B07

181 14452B05 22135807
308 1.36E-05 27849807
001 13303805  2.6064E07
094 1.30MWE05  2.5625E-07
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TABLEDA (Cont)

Confomation Aduht Aduolt
Trnit Reaident " Vigitor
045 - L2ATTEDS  2.4445E-07
33 1.2189E-05 24557BD7
92 1.208TE-QS  2A298E-(7
319 1.1935E-05 - 2383907 -
210 1.1819B-05 1887907

1) 1.1062B-05 2.18B6E-07 :
255 1.00248-05  1.9692E-07
396 1LOD1SE-05  1.6558E-07
286 0.0458E-06 2.0M3E-07
261 - 9.9358E-06  L946TE-07

.t 9.8545E06 2.0037B07
317 9.6240B-06  1.9GA9E-07
262 9. 4909E-06  1.8818E-(7
280 91023806 1.5300E-07
416 90953806 1479207
287 9.07TTHE-06  1.2388B.07
232 CBA9TEDS  1.8030B-07
k]| 3.2004E-06  1.6509E-)7
236 8.1815E-06 _ 1.6289E-07
083 B.1651E-06  1.6896E-D7
313 TO09RE06  1.6468E-07
164 7.4537TE-06  1.4996B-07
043 74055806 14509807
420 68691806 13725807
298 6.3088E-06 12609807
354 62657606 12732807
107 6.0689B-06  1.1891E-07
213 59780E-06 1.2460E-07
04 59520E06 1.1662B-07
116 5.9400B-06 1.1656E-07
049 53153606  L134E7
003 59141806 L1196B07
291 56360806 1.16895E07
418 5.6249B-06 9.5784E-08
Q88 5.5611E0¢ 1.0896E-07
113 SASTIEO6  1.0693E-07
0BT S5Y7130E-06  1.0333E07
219 52503806  1.0339E-07
337 5.2474B-06 . 1.0BRSE-O7
191 52288E-06 . 1.0451E07
375 5.1594B-06 11526807 .
093 5.1541B-06 1.0098E-07
097 4.9425B06  9.6837E-08
i19 49184806 9.6365E-08
82 4 83400E06  9.4320E-08
158 4 7415B-06  9.2B90E-08
105 4.6482B-06 9.107ZE-08




239
229
233
157
296
294
362

=
[y
L

SNNELBENEER

15410806
1.9215E-06
1.0108E-06
1.8633E-06
1.7728E-06
1.7172E-06




D-14

TABLE D4 {Cont.}

E‘m:ﬁmnunn Adul Adalt -
' Uit Resident Visitor
223 1.71418-06 3.5592E08
346 1.70078-06  3.3321E-08
289 1.68445-06 3.3427E08
M 1.6452806 42123808
414 1.6072E-06  3.1902B-08
371 15625006 3.6242B-08
373 14625806 3.9963E-08
241 14376606 5.4903E-08
194 14319806 33993E-08
212 - 14281B-06 3.6267E-08
%8 7 13619806 3.3032E-08
370 1.3535E-06 3A1174E08
254 1.3456E-06 2.6364E-08
195 13146E06 3.1304E-08
251 1 ‘ﬂlsﬂ-ﬂﬁ_ 3.2312E-08 -
199 1.20568-06 33955E-08
271 1.2485B-06  3.4202E.08
253 1.15618-06 2.552B08
235 1.1335B06 2.9837TE08 -
227 LI1Z29E06 2.8992E08
200 LO726B06  3.5990E-08
263 LO312EB06  2.0205E-08
20 1.0283E06 A.3983E-08
202 10277806 3.2788E-08
- 393 LO25SE-06  2.56348-08
405 1.0133806  3.1202E-08
203 LOIOSE-06 - 3.74368-08
247 09950807 2.2971E(8
250 9.8059E-07 2.71979E-08
234 06518607 3.8025E08
363 " 9.5188R-07 2.4407B08
372 93724607 24994E-08
277 92731B07 1.3169B08
243 9.2667E-07 235439R-08
- 43 90462807 2.2585E08
238 8.8009B07 2.9706E-08
04 8.6800E-07 2.6532E-08
198 85292607 . 2.9195E-08
374 8.4445B-07 2.3654E-08
249 8.3783B07 2.2231E08
225 8. 2251807 2A4001E-08
353 79812807 1.6516E-08
345 79450807 4I3147E-08
3ol 79130E07 - 2.71R0E-08
268 - T.5568E07  1.7T1408-08
413 TS416E-07 4.0052E08




D-15

TABLE D4 (Cont.)

Confirmation Adalt Adult
Uit Resident Visgitor
392 1514B07  L7106B08
250 7.1128B07  1.9740E-08
248 69558E7  1.5820B08
266 64743E-07  1.8500B-08
189 6.2819E0T 2003408
384 6144607  1.2039E-08
215 STITIEOT 1385708
244 5373E07 - 20414E-08
22% 49794B07 15150808
397 43120807 L1T77B08

U197 T ANGEEBAOT  TSSTIEDD.
406 40451B07 . 7.9255B-09
400 311895E07  8.5766E-09
342 30809607  1.67308-08
226 29613E07 12533508
205 2.9275B47  8.4520B09
284 214T2B07  $.88208-09
394 19810807 3.8314B-09
408 19551807 10616808
69 16884507 8. T99SEL9
267 1.5675E07  5.5343E09
405 14943807  2.9278B-09
205 8.8863B08  2.7036E09 |
209 89554808  1.7350E-09
410 71525808  A2096E-09
214 SST06E08  1.2500B-09
355 S4198E08 29430609

- 349 5.3301E08  2.8943E-09
305 2950E08  1.6051E-09
341 2.13531E08  1.1583E-09
308 LASMOE-08 - 7.8953B-10
354 1O738E-08  5.8307E-10
404 54830600 2.97735-10
407 24054E09  1.30628-10
402  0.0000E+00 . C.O0DOE+I0
401  0.0000E+00  O.0000E+00
382 0.0000B+00 O.0000E+00
356 . 0.0000B+00 O.LO00E+00
351 0.0000E+00  0.08D0E-+00
350  0.0000E+00 -0.00008+00
348 0000(E+00  0.0000E+00
347 O.0000E+00  0.0000E+00
207 0.0000E+00 0.0000E+00
206  00000E+00  0.0000E+00
357 - 0H000B+00_ 0.0000E+00




D-16

TABLED.S Chemieal Risk Ordered by
Descending Risk (after subiracting

38388E8K

2
1
g
;

75 96557806 55175807
060 9.6311B-06  5.5035B-07
059 8294ME-06  4.7399E-07
133 79186B-06  4.5249E-07
290 75603E-06  4.3194E-07

391 6.0903E-06  3.4302E-07
332 6.0780E-06  3.4732E-07
132 5.8970B06  3.3697E-07
044 5.8004E-D6  3.3145B-07




. D17

TABLE DS (Cont)

Unit -~ Resident  Visitor
040 4.1761E06  23B64B-07
292 41633806  2.3790E-07
380 4,0036B-06 - L330W07
366 A4ME0S  2.3088E-07
286 39814606 2.2151E07
266 I820E-06  2240B07
295 37028806  2.1159B-07 -
329 35935806~ 2.0534E-07
236 35160E06  2.0091E-07
381 JAIZIEQ06 © 1.9497EL7
D70 . . 33TI4ED6 . 1.9255E07
320 - 3ASHELS  19187E-07
168 3200006  L828AE-07
129 11215806  1.78TIEA]
367 31082806 L7761B7
323 3.0844B-06 - 1.7625E-07
171 2.98M4B06  1.7082E-07
069 29571806  1.6898B.-07
055 29523806  1.6870E-07
325 25088806 16622807
283 2.8215B06 - 1.6123E-07
109 27642806 1.5795E-07
317 27150B-06  1.SS14E-07
065 25476806  1A4558E-7
130 25165B06  1.4380E-07
285 24686506 1410307
353 24686806  1.4106E-07
113 24629B06  1AOTIELT
134 24029806  13731EL7
319 2387306 13642E-07
110 22059806 13120807
265 22863806 1.3066E-07
354 22802206  1.3030B-07
324 21351B06  12201R7
054 20642806  1.1795B-07
128 20608806  1.17768-07
318 20306206 11603807
123 1.9494B06 1114087
124 19156B06 10946507
336 LETISE06  1.0656E-07
333 LI6WE06  L00M9ELT
337 17537606  1.0021B-07
370 17489E06 9.9939B.08
304 15984B06  9.1339B-08
106 14377806 82155808
260 14173606  8.0989E-08
301

1.3%43E-06




- D-18

TABLE DS (Cont)

Confirmetion  Adult

- Adalt
Uit __Resident Visitor -
L}

335 1.3175E-06 '7.5288B-08
DA6  1.3013ED6 74361E-08 -
357 11779806  6.7311B-08
307 L1769E-06  6.7253B-08
314 1.1360E-06  6.4916E-08

- 308 1.1347E-06  6.4842E-08
282 1LOTISE-06  6.1248E-08
037 LOSS3E-06  6.0529E-08
103 1.0442B-06  5.9656B-08
041 ‘1.0245E06  5.8545B-08

. -315 . 1OITIED6 - 5.812ZB-08

283 T 976MEAT 55825808
338 9.6411E07  5.5092B-08
293 9:2118E-07  5.2639E.08
1330 - 8.4166H07  4.8095E-08
300 83584E07 47751208

. 347 - 8.2035E07 - 4.6877E-08
313 79899E-07 4.5656E-08
327 79025E07 4515TE-08
101 74752807 A2TI6E-08
064 7.0766E-07  4.0433E-08
AP 6.9777E07  3.9873B-08
358 69744BLD7  3.9854B-08
27 6.930IB-07 3.9601E-08
063 6.8540B-07  3.9166E-08
n 6.6767E-07 3.8153E-08
047 6.6310E-07 3.7891E-08
302 6.531EDT  3.7321E-03
331 59976807 3.4272E-08
. 389 57063807  3.2607B-08
305 54712607  3.1264E-08
125  SA325ED7  3.1043B-08
062 5.2093B07 . 29767E-08
098 4.9855E-07  2.8489B-08
096 A96WELHT  2B3GSE-08
127 4.6430B-07  2.6531E-08
073 4.6329607  2.6474B-08
. 312 4,62006-07  2.6400E-08
104 44388607 . 25365808
208 4.3780E07 25017E-08
043 4,0483807 2L3133E.08
033 3.9733E-07 2.2705B-08
273 39220807 22412808
372 3.8563E-07 2.2036E-08
31 3.8044E-07 - 2.1740BE-08
310  3.7081E-07 2.1189E-08
102 2.0147E-08

3525TE07 .




TABLE DS (Cont.)

D-j9

Confirmation Adult Adult

Vit Regident Vigitor

. .
181 34A992E-07 1.9995E-08
- 205 3.4967E07 1.9981E-08
251 34286B-07 1.9502E08
326  32715E07  1L.8604E-08
052 3. 2000607 1.B236E08
007 © 3.1521E07 1.8012B-08
162 - 3.0987E07 . 1.7TT07TE-08
{54 3.0871B07 1.7631B-08
213 3.0016B07 1.71525.08
072 29319807 16754808

L 294 - 2.92M4EA07  L67IBELR -
379 T 24403E07 139568408
321 24337807 13918E08
197 2353E-07  1.3443B08
212 2.3138B-07 1.3222B408
126 - R206EELT  1.2610B-08
163 2.0818B07  L.1896E-08
364  2.0444E07  L.1682E08
099 1.76092-07  1.0063B-08
392 1.6510B-07 9.4344E-09
233 1643807  9.3933E09
252 13544807 7. 7397E-09
203 1.34548-07 7.6882E-09
067 1.34428-07  7.6305E-09
322 12649807 7.2281E-09
032 12313807 7.0362B-09
219 1.1813R-07 6&.7531B-09
068 LITHSBOT 6.7288E-09
o7t 1.1065E07 63223809
074 - 1O566B07 60319
352 1.0395E-07  5.84D0B.09
359 1.0270E-07 5.3634E-09

199 1L026B-07 5.8436E-09
200 1LO03TE-T  5.1354E-09
306 95460808 5.4554E-09
289 9.11926-08 . 5.2110B-09
284 7.1553E808 4.0888B9
373 6.9395E-08  3.96548-09
143 6.4369E-08  3.6TRZB-09
232 6302708  3.6016E-09
100 6.1057TB08 - 3.4890E-09
222 5.8039B-08  3.3165E-09
{20 5.62248.08 3.2128E-09
23 5.3534E-08 3.0591E-05
146 53146E08  3.0369E-09
075 4.9415E-08 28237TE-09
198 4 8014E-DE 2. 7OSIE-DD




D-20

TABLED.S (Cont).

Adult

__ Uit Resident - Visitor
o7t 43756808 2.7861B-09
035 42301808 24172B09
051 4.1T90E08  2.3880B-D9
374 3.9838E-08 - 22P3ED9 -
202, 3S0MEDS  2.172EE09
061 3588808 2.0508E09
201 30219808 1.7268R-09
182 29921808 1.7058E-09
172 2.8815E08  1.6466B-09
60 2.85%E08  1.6316B-09
393 2.7806E08 1.58508-09
204 Z3B07E-DE  L3IGME-09
023 - 23264808  1.3294E-09
215 23209E08 1.3262E-09
sl 2.1687E08  1.2392B-09
200 20564E08  1.1751H-09
122 1.9567E08  1.1181E-09
030 1.6996E08  9.7118E-10
165 1L6464E08  9.4082E-10
27 LOSSIEDE  6.0290E-10
29 8.1026E09  4.6301E-10
042 ZT197ED%  4.4113E-10 -
169 24383500  1.3933E-10
237 . 1L.5561E09  8.8920E-11
279 1L1052B09  6.3385E-11
145 1.0802B09 6.1728E-f1
216 370696410 2.1183E-11
211 9.1862E.11 5.2493B-12
264 0.0000E+00  0.0000E+00
343 0.0000E+400  0.0000E+00
036 0.0000B8+00  0.0000E+00
342 00D000E+00  (.O0OOE+00
316 0.0000E+0C  0.0000E+00
288 0.0000E400  0.0000E+0D
276 0.0000E+00  0.0000E+00
272 0.0000E+00  0.0000E+00
210 0.0000E+00  0.0000E+00
270 0.0000B+00  0.0000E+00
348 0.0000B+00  0.0000E-+0
259 0.0000E+00  0.0000E+00
246 0.0000E+00  0.0000E+00
239 0.0000E+00  0.0000E:+00
38 - Q.0000E+00  0.0000E+00
237 0.0000E+00  0.00008+00
057 0.00008+00 0.0000E+00
235 0.0000E+D0




- Dedl

TABLED.5 (Cout.)

C Uit Resident Vizitor
271 0.0000E+00  0.0000E+00
382 0.0000E+00  0.0000E+00
003 ~0.0000E+00 0.0000E+00 -

- Q11 0.0000E+00  0.0000E+00
- 014 0.000CE+00  0.0000B+00
015 - 0,0000E+00  0.0000B+00
018 G,0000E+00  0.00008+00
397 0.0000E+00  0.0000E+00
395 0.0000E+0C  0.0000E+00
344 - DJOOOOE+DD  0.00008+00

. 38 u.mmu 0.00008+00

T ade . 0U0D0OBHDD 0.00008400

- 383 0.00008+00 0.0000E+00
6 0.000(0E+00 0.0000B+00
.361 0.0000E+00  -0.0000E+00
{28 0.0000E+00  9.0000E+00
356 0.0000E+00 D.0000E+00
350 0.0000E+00  0.0000E+00
. 349 0.0000B+00  QUO000E+DD
226 0.0000E+00  0.0000E+00
387 0.0000E+00 C.000DE+0D
157 Q0DCOE+00 (.0DDOE+0D
185 G.0000E+00  C.00DIEHOD
183 0.0000E+00  0.0000B+00
180 0.0000E+00  Q.0DOMEL+DO
175 0.0000E+0C. 0.0000E+00
170 © O.DOCDE+HD0  (Q.DODDED0
167 0Q.0000E+00 0.00008+00
166 0.0000E+00 0.00D0E+00
23 0.0000B+00  0.00008+00
158 - 0.0000E-+00 - 0.00DCE+D
189 0.0000E+00  0.0000E+00
107 0.0000E+00  0.0000B+00
108 0.0000B+00  (.0D)0E+00
153 0.0000E+00  0.0000E+00
152 0.00008+00  0.000(E+00
147 0.0000E+00  0.0000B+00
112 D.00008+00 0.0000B+00
116 0.00008+00 0.00008+00
117 T Q.0000E+00  0.000CE+00
159 0.0000E+00 (.000CE+00
195 0.0000E+0¢  0.0000E+00
121 . 0.00008+00 0.000GE+00
225 0.00008+00  0.0000E+00
- 224 0.0000E+00  0.0000E+00
223 0.0000E+00 0.0000E+00
221 0.0000E+00




Confirmation - -Adult Adnlt
218 0.0000E+08 O.0006E+00 -
214 0.0000E+00  0.0DDCEHO0
- 207 (L.O0OOE+D0  0.0000E+00
" 092 0.0000B+00  0.0000E+00
196 - 0.0000B+00 - C.OOOGRHI0
194 Q.0000E+0) 0.0000B+00
193 0.0000E+00  0.D000E+0
192 0.0000E+00 O.CONE+OD
o6 - 0.0000E+00  0.0000B+00
191 . G.0000E+00  0.00008+00
1907 ¢ (OGOOEH0  O.0000B+00
085 00000E+00  D.0000E+D0D
223 G.00008-+00 - 0.0000E+00 -
206 0.0000E400  0.00008+00




Ordered by Descending Blazard (;
snbtracting hackground) .
Unit Resident * Visiter
3av9 - 79369E+00 | 4.5354E-01
086  3.9629E0L - 2.2645H02
390 25657B01 1A4S6IE02
106 A2T2SED1 1.2988E{2
381 21141E-01 1. 2481802
DSy 19074801  1.08968.02
365 1.84E01 10528802
171 17648801  1.00848-02
08RG . . L733BED1  9.9OTIED3
83 - TL30STEOl  TAGHEBOZ
318 1251801 7.1531E03
75 L2280E-01 7817403
015 S 1208801 6.9760B-03
110~ 109BERO1L  62701B03
240 1.0626E01 S.0720E-03
336 0.8928B-02 5.653(E-(3
317 05201802 5.4400B-03
40 92122B02 5.2641E-03
055 9.0705E-02 51832803
- 319 B.7983E-02  5.0276E-03
DAG RATIOHD2  4.8422803
301 SAGSIED2 4.8372E03
014 B8376TE02 - A TB6TEDS
202 81046502 4.6312E03
308  S.0915B02 4.6237TR03
335 78148E02 4.4656B-03
054 7.67028-02 4.3830E-03
037 7.6342B07  4.3624B-03
032 7.6065E02  A4G6E03.
a13 15302802 4.3030B-03
- 0G5 750T9E02  4.2002E-03
013 T297T6EB02 4.1701B03
058 71607802 4.0970E03
103 TOT4IB02  4.0429E-03.
053 6.9260E-02 385TIE03
033 6. 7837E02 3.87T64B-03
312 6. 7074E02 3.8228B03
174} 65913E02  3.7665ED3
R T GAOESED2 A.TISGED3
162 6O29SE02  3.M454E03
074 6.0085B-02 3A433EB
073 5.8307E-02° 3.33138-03
062 5 7201E02 3.2687E(3
285 £ 6215802

3.2123E-03




D-24

TABLED.S (Cont)

L ATEA2

_ Adult
Unit Resident Visitor
101 5.6158802" 3.2000E-03
307 54574302 3.11858-03
236 54403E-02  3.10878-03
133 $.4040E-02 3.088SE-03 .
334 . 51056802 2.917SE03
30 4951E02 ' 2.82048-03

. 039 49293B.02 2.8167E-03
299 4898102 2. 7974E-03
314 AB7T60B02  2T86IED3
280  4BTS6B02  2.7861E-03 -

. 347 . . 4T7854E02  27345E03
00 " 46804B.02  2.6197TE03
047 46545B02  2659TEL3
059 45656802 2.6089E-03
287 45107B02  257T1SE-03
282 43500802 2.4008B03
366 4283IB02 24475803
108 41756B-02 2.3861E-03
311 41435802 2.367TB-03

t 088 40527802 2.3158E.03
370 . 3.0210B02 22406803
139 38172802 . 2.1813B-03
016 37454802 2.1403E-03
286 3.7408E02 21376803
017 3622207 2.0698E-03
166 15367802 - 20210E-03
791 35341E02  2.0195E-03
081 35206802 20168E-03
104 35240802 20137E-03
027 3.50518-02 2.0029E-03
091 3430702  1.98908-03
096 34258B02  1.9576B03
358 . 3408SE02  1.9477TB-03
040 32760802  1.8722B03
330 32286802  1.B449E-03
136 30583802  1.7476E.03
033 29920E02  1.7098E-03
322 29615E-02  1.6523B-03
296 20135B.02  1.6648E-03
321 28927E02 1.65MB-03
7] 28628802  1.6355E-03
329 - 2.8454E02  1.6260B-03
208 2.8186E-02  1,6107E03
051 2 8054E-02  1.6031E-03
233 2785802  1.5919B.03
324 27768802  1.5867B-03
072 1.5835E-03




D25 .

1.4577TE-02

TABLED.6 (Cont.)
Confirmation Adult Adalt
_ “Unit Resident Visitor
257 2757SB0Z  LSTSTE3
034 26503E02  1.5145E-03
293 26200E02 150189843
012 26008B02 1 ASEIE03
0 25604E-02  1A4S31E-03
325 2532802 1448IE03
011 25340802 1.4480E-03
128 2 S32B02 . LA4EIR-03
. 337 24S1IE0R  14006E-03
044 TA40B-02  1.3972E03
. 380.: . 2A400B02 13943E-03
097 - Z38I13E02 1360703
© 298 23603502 1.3488E-03
043 23403002 13424803
100 2329B02  1334E03
145 22026842 13101EC3
380 22686B02  1.2964E.03
L35 22054802 1.27T16B-03
367 210ME02  1.2534E03
32 21469E02  1.2068B-03
164 20828BL2  1.1902E-(3
077 2038802  1.1650E-03
300 20172802 1.1527E-03
163 20110E-02  L.I491E-03
11 196770802 11244803
297 19511E02  1.13495-03
043 1930002 ~ 1.10298-03
o2 19277E02  1.1012B-03
379 19211E02  1.0978E-03
303 1.8046E02  1.0B26E-03
068 LE7S6E-02  1.0718E-03
232 1.86BGE0Z  1L.067TTB-03
134 1L8617E02  1.06388-03
310 1.8457E02  1.0S47B-03
333 LE312E02 ~ 10464803
256 L7S6TEDZ  Y.O0210B-03
099 1.7263E02  9.3645E-04
090 1.6508E02 9.4332ED4.
030 LE120542 - 9:2113E-04 .
295 1.5958E02  9.1187B-04
387 1.5600B02  8.5159E-04
061 1LS3TRE02 ~ S.TRTIE-O4
388 15333E02 87615504
28 L5SYMELZ  RTVIOE04
020 LASSRE-D2  8.3930E-04
001  LAGIAE02  8.3447E-04
02 8.3300E-04




TABLE D.6 {Cont.)
Confimsation Adult . Adult
Unit Ragident Visitor
L]
124 1A497E-D02 8.2841E-04
004 14357TE02 B.2042E-04
143 14319E02 R.1820E-04
075 14275802 B.15/4E-4
031 1424E02 & 1566804
359 - 14240B-02 S.13TIE-4
197 14169B-02 B.OSGEE-O4
092 1A002E02  B.OS2IE-04
036 T 13837TRO02  1.9047E-04
45 13696802 7.8264E.04
. 0520 1.3309EA2 7.60538-04
B v, 7 LIEL2  7.6023B-(04
412 13136602 7.5064E-04
.M 1.30868-02 74730E-04
219 L2I6SE2  T2944B04
137 12622802 7.2127E4
023 1.2405E.02 . 7.0883B-04
132 1.2265B02 70086E-04
327 1.Z19%B02  6.9691E.04
276 1L2077TE0Z  6.9011E-04
067 12017602 G.8668E-(4
018 11876802 G.7866E-04
254 11339802 6.7653E-04
230 1154702 6.5985H-04
127 11372802 &.4980E-04
131 1LIMEE-D2 64844E-04
306 1LI20B02 GAS24E-D4
029 1.1214E-02 -6.40T9B-(4
142 LI21IE-02 64062504
056 1L1157E-02 6.3753E-04
134 L1123R-02 6.3555E-34
089 LIO43E-02  6.3105B-04
146 1.1029E-02 63022804
255 1L9B7TE02 62781E-04
108 LOO24E-D2 6.2420B04
261 LOSO7TE-0Z  6.2326B-04
136 1.085SB-02 6.2052B-04
331 LOMSBE-02  6.1399E-04
064 1.0646B-02 6.0837E-04
272 1.0590B-02 - 6.0513E-04
304 1LO4SOR02 5.9767E-04
056 1.035]E-02 S59147E-04
262 - 10348802 5.9132E-(4
035 1.0303E02  5.88374E-(4
129 1.0259E02 -5.8624EB-(4
214 10245602 5.8543E{d
Qd6 9.9]199E03 S5.6685E-04




‘D-27

- TABLED.6 (Cont)
Confirmation ~  Adult . Adult
Unit Resident Visitor
L

070 9.8610B-03  5.6349E-04
144 0833903 56194604
050  9.504SB03  5.48258-04
2713 9.2887E-03  5.3078E-4
135 0.2574B-03  5.29008-04
085 8.8590E03  5.0628B-04
083 8.6TRB03  49595E-04
180. 2386003  4.7925E-04
362 8.36MEL3  4.7791B04
084 8.3376E-03  4.7643E-04

. 048..-.  SIGELS 46454504

368 7 7.9384B03  4.53EIE04
057 7851TE03  4.486TE-04
357  T.S430E03  43103E-04
420 7AS62B03  4.2607BO4
181 TAISIBO3  4.23728.04
358 TI962E03  41121E-04
182 7.1062E03  4.0607E-04
060  6GS245ED3  3.9569EL4
364 6.7409E-03  3.8520E-04
115 6TIS9ED3 . 3.837TE-O4
095 = G6B09B03  3.8176E-4
138 6.676TED3 . 3.8152E-04
107 ©  6.662B43  3.8069ED4
004 65338B03  3.7336EM4
116 6.5306E-03  .T31TED4
049 £38MEDI  3.6479E-04
290 6.3654E-03 3.6374B-04
213 63212E03  3.61565-04
003 6272703  3.5844B-04
088 6.IMTED3  34884E-04
113 59912E03  3.4235B-04
305 5.8609E-07  3.3491B-04
087 5.7894B03 33082504
161 57163E03  3.2633B.04
360 5.6927B-03 . 3.29308.04
191 S.ETSEQ3 32426504
093 S.EST9E03  3.2331B-04
119 53992603 3.0853E-04
082 5.3131E03  3.0361E-04
375 52155803  2.9803B-04
158 52050B-03  2.9743E-04
105 5.1026E-03  2.9158E-04
024 S.0913E03  2.5093E-04
114 5.0275E-03 2.8729E-04 .
076 49934E03  2.8534E-04
122 48640503  2.TTO4EO4




D-28
TABLE D.6 (Cont.)

Confirmation.  Adult -~ -Adult
Unit - : igi

(28
252
175
112
118

. 188
117
187

19
LM
o120

338

172 .

123

176

196
042

010
185
169
121

378
371

01

419 .
16D

- 361
152
130

417
211

210
184
33
147
192
289
167




D29

TABLED.S (Coat)

Confirmation Adult . Adult -
Unit Regident Vigitor
242 27567808 15753804
418 27439803  1.ST08B-04
411 27319803  1.5611E-04
156 TINE03  15554B-D4
183 27058E-03  1.5462B.04
315 27046E-03  1L.S455E-04
186 27034605 15445604
221 26R08R.03  1.5370B-04
125 267TIE03 - 1.5298E-04
237 26I0E03  1.5034B.04

. 157 - .. 2.5753B03 . 14716E-04
393 U 2STE3  1AG9TE-O4
170 2SEELS  LMABO4
174 25184803  1.4351B.04
239 23042503  1.3681E-4 -
216 23810803  1.36065-04
126 2364B03  1.3539B-04
151 23140803  1.3223E-04
019 22852803  1.2830B-04
217 2007RD 12600804
153 21897803 12512804
178 2143800 12142804
339 21199E-03  1.Z14E-04
396 20624805 1.1785E-04
141 2.0457E03  1.1689E-04
230 20005E03  1.1431B-D4
316 20005E03 11431504
159 1.0946E-03  1.1308E-04
288 19819E03  1.1325E-04
21 19649E-03 . 1.1228E-04
179 19642503 1.1224B-04
278 1461803 LY26B.04
215. 1.9352E-03  1.10588-04
154 1.9350B03  1.10578-04
279 19293803 11024504 -
155 19167803  1.0952E-04
269 19117B03  1.0924B.04
149 1.90098-03 10862E-04
173 1.8967E-03  1.0839E-04
150 18691603  1.0680B.04
346 - 1.8669B03  1.0658B-04
223 1.80S4E-03  1.0317E-04
246 - L7NOEC3 © 1.0120E-04°
414 17512E03  1.0007TE-04
165 L7208-03  9.84558.05
177 1.688§E-03 . 9.6505E-05

1597SBA3  9.1288B-05




D-30

TABLED.£ (Cont.)

Cmﬁrmmﬁdnlt

‘Adult
Tnit Resident Viaitoe
176 14951803 83437005
254 1.47TIR03  8.4407R-05
229 14238803  B.1359B-05
194 1.3840E-03  7.0085E-05
212 1.3056B-03  7AGD3E05
258 1.2942E03 * 7.3955B-05
195 1.2675E-03  7.2430B-05
I 1247703 7.1295B-05
251 1.2134E03  6.9335E-05
228 12033803  G.BTGHE-0S
253 LI7E3RO3 . S.TIMELS
193 - LITHRO3  6.7257B05
416 11623E03  G.6416E-05
199 11513803 6.5187TE05
263 11320803  6.4688E-05
271 1.0595B.03  6.054GB-0S5
277 LOIMED3 5.8169E-05
227 10115803  5.7802ZE-05
235 1.003IE-03  5.73206-05
247 9.9023E-04  S5.6584E-05
163 3.6284ED4  4.9305E-05
353 84837604  4.8478B-05
403 £3930B-04  4.7960B-05
2 8.1914B04  4.6808E-05
250 7.001TR-O04  4.5667E-0%5
243 7.8691E-04  4.4966E-05
. 240 7.6843B-04  43910E-05
268 . 7.557IE04. 43183805
49 7.5333E-04 4047E05
392 4 S00IE-D4  4.2859E05.
249 TISOED4  42045B-05
241 73246604 41855805
200 70380804 4.0217B05
248 65426B-04  3.9872B-05
270 65101604 3548605
384 67452804 ABS44EDS
25 6.53508-04 3.7343E-05
204 6515704 3.T2I3E05
259 6.07S3BO04  3ATIEEDS
238 5.7194B04  3.2682B-05
203 55136804  3.1506E-05
374 54378804  3.1073E05
198 §4143E804  3.0939E-05
266 52630E-04  3.0103B-05
391 4.0049E.04 . 2BS42E-DS
21% 48TIED4  L7853E-05
234 4S5496E-D4  2.5098E-05

. - Nl
"
'*I.'.j




TABLE D6 (Cemnt)

Confirmation  Aduolt Adult
Unit Resident Visitor
189 4462704 2350105
406 44405604 2.5374H05
24 3.7601E-04  2.1486E-05
397 3.6808E-04  2.1033E-05
244 2 TT28E-04  1.5844E-05 .
400 27652804  1.5801E-05
245 25089504  1.4337E-05
205 23545804 - L34S5E05
304 © LIMTEO4 L.242TED5
284 1.8274E-04  1.0442E-05

. 405 .- . 164MBEO4 SITIEE06: .

236 T ULIZIGR04  GA111E-06
- 209 0. TII0B05  5.554B6E-06

YK 0.54778-05 = 5A5S8E-006

267 9.41628-05 5.3807B-06

214 56135805 3. 207IE-06

369 1.I660E-05 6.6631E-07

467 . 0.000DE+00  C.000CE+00
168 0.0000E+00  O.O0D0E+0D

206 0.0000E+00  (.0000E+O0

402 0.0000E+00 0.0000E+00

413 0.0000B+00 Q.0000E+D0

410 - 0.D000B+00  0.0000E+00

408 Q.0000B+00  0.0000E+00

401 0.00005+00 0.0000E+QD

404 0.0000E+00 Q.0000B+00 _
358 0.0000E+00  0.00008+00

342 0.0000E+00 0.0000B+00

345 . {.0000E+00  0.0000B+00

348 0.0000E+00  .00008+00
0 0.0000E+00  0.0000E+00

350 0.00008+00  D.0000E+00

351 0.00008+00  0.0000E+00

386 0.0000E+00  0.H000E+00

354 0.Q000E+00  0.0000E+00

398 0.0000E+00 . 0.0000EA+00

356 0.0000E+00 O.0000E+00

- 382 0.0000E+00 0.00008+00

341 - (.0000B+00  O.0000E+0D

385 0.0000E+00 Q.0000E+00 -
395 0.0000E+00  0.0000E+00

207 Q.0000B+00  0.0000E+00

352 Q.0000E+00  0.C000E+00




Descending Risk (after subiracting
Confirmation  Adult. , - Adult
Unit  ~  Resident Visisor
057 2.4915E-03 NA®
- 168 13267E-03 NA
412 10652E-03 . NA
310 9.8674E-04 NA-
046 9.3284B-04 Na
165 9.3000B-04 NA
411 8.5864E-04 NA
329 7.35928-04 NA
380 59652B04  NAS
304 . 5923IB4 NA -
. 014 5663304  NA
281 5.1244E-04 . NA
309 4.9638E-04 NA
275 4.9183E-04 NA
399 4.9075E-4 NA
169 7809804 NA
096 4.T681E04 NA
058 4643304 ' NA
160 45354E-04 NA
095 4.3305E-04 NA
167 4.0672E-04 NA
57 4,0621E-04 NA
080 4.0047E-04 NA
005 3.8257B-4 NA
028 37496804  NA
092 3.7323E-04 NA
089 3.6775E-04 NA
162 3.5836B-04 NA
006 3574TE-04 NA
013 ' 3.3383E-04 NA
000 35058B04  NA
084 34981E04  NA
069 3.4656E-04 NA
102 34084E-04 NA
015 3.3479E-04 NA
017 33331B04  NA
012 .  32541E-04 NA
144 3.24395-04 NA
129 3.154IE-04  NA
066 3.1114E-04 NA
041 3. 1070E-04 NA
050 3.0760B04 . NA
124 - 3.0713B04°  NA
086 30670804 . NA




D-33

TABLE D.7 (Cont.)

E |

Uit Resident Visitor
. .

. 038 30575804 . NA
-133 3.04438-4 NA
135 31.02295-04 NA
051 2.9866E8-04 NA
068 2. 9600E-04 NA
010 2.9472E04 NA
009 29352804 NA
029 29252E-04 NA
130 2.91E0E-04 NA
030 2.38276E-04 NA

S-101. . 2870304  NA
070 - 2.B620E-04 NA
163 2.7993E-04 NA
027 2 782004 NA
044 2.7806E-04 NA
103 273814 NA
016 2.7158E-04 NA
174 2.7112E-4 NA
162 2.6256E-04 NA
134 2.6184B04  NA
228 2.6015E-04 NA
056 26012B-04 - NA
142 2507SE04 ° NA
111 2.5974E-04 NA
185 2. 5T28E-04 NA
125 2.5554E-04 NA
059 2.5390E-04 NA
176 2.5135E-04 NA
023 2A9TR-04 MNA
L |7 2ATIGE-O4 NA
06 24597804 NA

- 138 2431504 NA
307 24265804 NA -
s 24218804 NA -
o7 2 A061E-04 NA
047 23975B04. T NA
026 23923E-04  NA
379 T23359E.04 NA
274 23158B04 - NA
170 2 3125804 NA
136 23119E04 N&A
061 2.3016E-04 NA
G40 2 2987E- (4 NA
x5 2.2624E-04 NA
039 2.2622B-04 NA -
306 T 2.2473E-04 NA




- b
TABLED.7 (Cont)

E

- Unit ___ Resident

L

143 21885804
120 LIS2TED4
024 2.1261B-04
018 2.0001E-04
022 20848204
043 2.0603E-D4
037 2.0519E-04
042 2.03108-04
175 2.0066E.04
184 - 1991104
. 137 - - L9GTOR-04
332 1952604
052 1.9446E04
305 1.9404E-04
036 - 1.9293E04

BERFEPEEEEEERRREERRRRFLLE ff

171 1.8988E-04
008~  1.881BE04
o3 1.5750E-04
011 1.85298.04
064 1.8472B-04
073 1.8111E04
065 - 17946E-04
334 1.7765E-04
123 1.7618E-4
126 1.7387E-04
186 1.7347E4  NA
081 = L7042B04  NA
032 16363E04  NA
381 LSMSEO4 . NA
187 16131804  NA
021 15929804  NA
063 LSTS0E04 - NA
071 15658804 - NA
108 1548804  NA
216  14934B04  NA
104 1484804 .  NA
324 14596E04  NA
179 14519804 ~ NA
193 1404104  NA
132 14013B04  N&
172 L37I13E04  NA
182 13531804 ~ NA
153 - 1279304 - NA
115 1210804  NA
076 11696804  NA
035 11612804  NA

180 L1SOSE-D4 NA




D-35

TABLE D.7 (Ceat.)

1

E .

Confirmation Aduit
Lnit Rasident Viaitor
1
173 . LI12T9E-04 NA -
289 1.0829E-04 NA
075 10263604  NA
. 10104804 NA-
177 08635805 . NA
321 93736805 NA
127 93692805 - NA
387 2.16108-05 N
183 5.68068-05 NA
146 0.0760E-05 NA
‘054 T RTRBOS NA
in B.7510B05 MNA
335 8.72108-05 NA
or7 2.55TEE-05 NA
335 8 4904805 NA
20 3.4488E-05 NA
388 $.3058E-05 NA
358 8.10T9E-05 NA
T 14 8.0726E-05 NA
217 T8T62B05 2 NA
218 T5281E-05 NA
110 T1.5185B-05 NA -
188 1.2954E-05 NA
385 6.1071BG5 WA
147 6. 1004E05 NA
181 6.0028B-05 NA,
220 4.17208-05 NA
148 4,0171E-05 NA
1y 3.67T628-035 NA
325 - 36200E405 - NA
308 3.5767B-05 MA
099 34.3M43E-05 NA
o4 33193B05 NA
152 3. 1326805 NA
109 2823IB05 . NA
210 2.8158B-05 NA
072 2.63768-05 NA
033 23841805 NA
. 380 0. 7535806 NA
237 92786806 NA-
229 4.54935-06 NA
211 3.92648-06 NiA
03 1.8146E-06 NA
240 1.382385-06 NA
192 DOCODEHD0 NA
199 0.00008+00 ‘NA




D36
TABLED.7. (Cont)

Confirmation  Adult - Adult
 Unit - Resident Visitor -

195 .. 0.DODOE+00
198 . 0.0000H+00
193 - . 0.0000B+00 -
194 H:0000E+)
196 0.00008+00
197 0.0000E-+0)
150 0.0000E+00-

156  0.0000B+00
- 155 . O.D000B+00
154 DRO0COB+00
151 0.0000E:+00
156 0.0000B+00
112 0.0000E+00
145 0.0000B+00

128 0.0000E+H00
122 0.00008+00
- 159 0.0000FE+00

aaaaaaézééiﬁﬁﬁﬁﬁfgggag'

A
e

189 0.0000E+00

361 0.0000E-+00

is2 0.0000E+00
330 0.0000E+00
313 0.0000E+00
314 . 0.0000E+OD

:
E
SEEEEFEEBFRERRERESERFFS
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TABLE D.7 (Cont.)

Confirmation . Aduit Adult
Uit Resident Visitor
315 0.0000E+0D NA
316  0.0000B+00 . NA
317 . 0.0D00E400 NA
318 0.0000B+00 NA
319 0.0000E+00 NA
320 00000E+00  NA
344 0.0000E+00 NA
323 0.0000E+00 NA
343 £.00008+00 NA
331 0.0000E+00 NA

..333 . 0.0DO0GE+0D NA
337 - -00000B4+D0 - NA
338 . O0.0000B+00  NA
339 0.0000E+00 NA
340 . 0.0000B+00 NA

341 DODOGE+0C  NA
364 0.0000E+00  NA
322 - .0.0000E+00 NA

. 413 D.O0O0E+00 NA
AR - 0.0000B+00 NA
403 0.0000E+00 NA
404 0.0000B+00 . NA
405 0.0000E+00 NA
406  ° 0.0000B+00 NA

. 407 0.00008+00 NA
408 0.0000E+00  NA
- 362 0.0000B+00 NA'
410 . 0.0000B+0 NA
198 0.00008+00 NA
414 0.0000B+00 NA
416 00000E+00  NA
417 0.0000B+00 NA
418 0.0000B+00 ~ NA
419 0.00008:+00 NA
420 (.00008-+00 NA
DA6 0.0000E+00 - NA
409 C.O000EH0 - NA
390 0.0000B+00  NA
366 - 00000E+00  NA
169 0.0000E+00 NA
370 . Q.0000E+00 NA
371 0.0000B+00 NA
372 0.0000E+00 NA.
373 . 0.0000B+00 NA
374 . Q.00008+00 NA

. 376 0.0000E+00 NA .
401 NA




. D38

TABLED.7 (Cont.)

Adult

Adult
Unit Resident Visitor
L |

ag2 0.000024+00 NA
a9l . 0.0000E+00 Na
S 397 QODDOEWO0 NA
. 393 .0000E+00 ‘NA
394 C:OODCE+D  NA
395 . 0.000CE+00 NA
396 0.0000E+00 NA
397 0.0000E+00 NA
a0 0.0000E+00 NA
C3T7. . OO0OGEA00 - NA'
T A3 CODOOE+D0  NA
234 - GLOOODE+00 NA
235 .- D.LO000E+DD NA
236 0.0000E+0D NA
- 238 0.0000E+00 NA
- 239 " 0.0000E4+00 - NA
241 .0000E+00 NA
242 0.0000E+00 NA
312 QLODDOEADO NA
244 0. 00008 +00 NA
231 0.0000E+DD NA
246 00000E-+) NA,
247 Q.0000E+00 - NA
248 0.0000E+DD NA
245 0.0000E+00 . NA
250 '0-0000E+) NA
251 0.0000E400 - NA
252 D.0000E+0G - NA
253 0.0000E+00  NA
243 0.0000E+00 NA
215 0.0000E+00 NA
202 Q.0000E+DD NA .
203 0.0000E+00 MA
204 0.0000E+D0 NA
2415 0.0000E+00 NA
207 0.0000E+0 ~ NA
208 0.0000E-H)) NA
209 0.0000E-+00 MNA
212 0.0000E+00 NA
233 0.0000E+)0 NA
214 0.0000E+0 NA
232 0.CO000E+0D NA
219 0.0000E+DD NA
221 0.0000E+00 - WA
222 0.0000E+O0 NA
223 0.0000E-+0C NA




D-39

. TABLED.7 (Cont.)

Adult
Unit _  Resident  Visitor
.. 1

224 GOOC0EH0 - NA
26 0.0000EH0  NA
230 0.0000E+00  NA
256 0.0000B+00  NA
213 OOD0OE+00  NA
295 O.0000E+00  NA
254 O.0000E+00  NA
285 0.0000B+00  NA
286  00000B+00  NA
287 - DODOCEHOD  NA
288 O0DODEMO . NA
290 7 00000B«00  NA
291 0.0000B+00  NA
292 Q.0000EH0  NA
283 0.0000E+00  NA
204 0.0000B40C ~ NA
282 00000E+00  NA
206 0.0000E:00  NA
297 0.0000E:00  NA
298 0.0000E+00  NA
295 0.0000E+00  NA
300 0.0000E+00  NA
301 0.0000E+00  NA
302 0.0000B+00 -  NA
" 201 QO00E+0  NA
293 0.0000B+00  NA
266 0.0000B+00  NA
311 0.00005:00. NA
257 0.0000B400  NA
258 0.000E+00  NA
259 0.0000E+00  NA
260 O0000E+00  NA
261 - Q000UB+00  NA
262 0.00002+00  NA
263 C.0000BH0  NA
284 0.0000E+00 -~ NA
265  OO0OCE+00  NA
255 0000UE+00  NA
267 0.0000B+00  NA
268 0.0000E:00  NA
269 0.0000E«00° -NA -
270 0.0000E+00  NA
271 0.0000E+00  NA
276 0.000E+00  NA
279 0.0000E+00  NA




D40
. TABLED.7 {Cont.)

Unit . Resident Visitor

. A
280  0.0000E+00 NA
264 - 0.0000B+00 NA

4 NAnnotepplicabls. .
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FIGURE D.1 Confirmation Units for the Chemicsl Plant Operable Unit with a Reald
Radiological Risk Greater Than | x 10™ after Background Is Subtracted .
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| APPENDIXE:

" LEGACY WASTE REMAINING
AT THE WELDON SPRING CHEMICAL PLANT AREA




_ E-2




E-3
" APPENDIX E:

: LEGACY WASTE REMAINING
AT THE WELDON SPRING CHEMICAL PLANT AREA

Afer remediation activities at the Chemical Plant are cotpleted, some small structural
items (¢.g., manhole covers) containing Jow levels but marginaity greater than background
mdioacﬁﬁtywouﬂmh.knhwnhryofﬁuei&mispmﬂinhbhﬂlmdﬂz,m
thzhapproﬁm&hmﬁonsmahmhﬁgmeﬂl.hdﬁﬁngui&hﬂﬂemﬁnmom

' waste material and becanse they were part of the site before remediation activitics began, these -

materials are referred to a5 legacy wastes, Levels of radieactivity determined from the surfaces
of'ihm:mtr.rialsinmnﬁp&rnﬁnuﬁe(m}mﬂmpmﬁdinhbieﬂ.l.mmmtin _

the parking lots hag been previously. evaluated and was determined o contain radioactivity . '

comparable to background values (Picel 2001). - | |
Tepmﬁdepmmﬁvemmmﬂofrﬁmﬁvﬂy&nﬁeh@cymmm'

ba@amdm&rmum&ﬁahwmmﬁdﬁnhhhwm@mﬁrmn.mm
: arepmenmdinTableE.B.Tuﬁd]mmemmmﬁeﬂiﬁwmﬁm_iiﬂt{UCL)
of&aﬁ&m@wmufﬂmmﬁmdmnﬁmdfmmmdiﬁmwkmm
mm_mmmmmmﬁmamyofﬂmmummm
mﬁsﬁcsispremthahleEaLOnﬂmbasisofﬂudmmthabhsE.SandEd,ﬁm
levelsofradiuacﬁvityhmelegacywammeiﬁchemormmeﬁm!ﬁmsm
than those for the eppropriate background reference materisl In addition, measurements werc:
also taken on the surface of in-situ background soils st the south end of the Administration
Blﬁldhlg.ThemdingswmmpoﬂedatSS,ﬂ,Sﬂ, 73, 710, and 60 cpm. These readings are

mlemMuummmmmwmmMmﬁmmﬁ. '

Risk calculations specific to the legacy wastes have not been pedformed. However, the
impact to human health ﬁumpomﬁal_emmthmmmmbeinfmedﬁnmﬁeﬁsk
mﬁmmphiaimdfnrbukgmudmilhwhmmdinhppmdixﬂofﬂﬁsmhm
Wmhkmwumismﬂmmmmmmmmfm
bmkgrﬂmdsoﬂsimmtﬂlpnﬂrwaysmsﬂmﬂﬁurwﬂmappﬁmbhmekMym.
For example, inhalation and ingestion of a comteminated portion of 8 manhole or the chemical
stabilization and solidification (CSS) plant slabs is not as likely as inhalation or ingestion of
contaminated soil material,
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| TABLEE.1 Inventory of Legacy Waste Remaining s the Chomical Plast Aren | - | )
A, RCPe Culvert under HWY 94 58 60 52 «65 87 59
B. Cuncrete Base of Od Flag Poke 97 85 8 5 T I8
€. CMP#Culvert under Gate B Road B4 M A2 M B B P S 4
D. CMP Culvert under Mais Entrance Road 6 8 S0 48 & 47
. B CMP Cubvert uader 0K Main Entrace g7 53 68 48 52 40 5l
Roed
. F. CMPOubveriSouthof OMMan - 114 151 K2 100
Entrance Road '
G, Masiole Cover t Soutiwist Cormecof. < 8 4 60 %9
Adein. Bldg. '
H. Post Indicatos Vahve Aroy R, 66 65 4 43 69
L Water Valve Box Army Rd. 53 3% 6t |
). Maghole Cover Amuy Rd. oz 200 ISE 18D 156 148 144 140 126 120 110 %0
K. Maahole Covet Ay Rd. 180 160 158 156 156 150 144 140 122 120 112 99
L CMP Culvest uder Army Rd, D157 133 18T 217 143 199 o )
M, RCP Culvers under Army Rd. 3 13 107 M5 M7 7
N. Manhole Cover Ouiside OK Main 54 5§ 61 B0 T
- Envrnce 5W Bl
CSS Slabee - (see Tabie B2)

Asphalt Parking Lot {sse Picel 2001)

B mmmmmmﬂwmwwmhmdﬁmmmmﬁﬁumﬂm
mﬁﬁmmmmmmmhmmuhmwwﬂm.

b m=mmm.Mﬂmmmmm{IWMM}MWMﬂm
€ E£P=mtfmuadnmmm .

4 CMP = cormgated metsl pipe.

e RﬂsmhﬂﬁmﬂﬂthMﬂmﬂhﬁmdM(ﬂSﬂ}ﬁa&
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TABLE E.2 Gross Alphs Messurements from CSS Concrete Stab Surveys

(

38 W
TR

|

1®

39

3

5 46 26 23

7

t3

21 3 3

N

3 17 17T-11 18 4 M 35 32

L&

31

21

36

&7

i6

11 4

12

]

24 M

2

17

12

4 .

Soutce: Flemimg (2002).
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T T

-
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FIGURE E.1 Legnacy ltems with Above Background Radioxctivity Levels
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TABLEE3 Background Reference Moasuromests for Various Materiads

Type cpantt
Concrete? 3?335434_#&5?33‘423840%45355149
CMP Culvert® 433544%131& | |
Mmbolke Coverd 37 42 36 53 50 46
Hydrant® 32 45 37 37 39
RCP Culvert! 56 30 66 44 34 66

bl u:pm mmwnﬂmm,mllﬂ:dmﬂrmmhdmmﬂ-?ﬁum{lmmm}

onvmdntﬁanﬂhm:s

b Formnpuimwiﬂ:imﬂmhhkli.l.

¢ For comparison with iteme C, D, E. F, e L in.lele E.l.

3 For comparison with items G, 1, 1, K, a0d N in Teble E.1.

" ¢ For compasisan with item H in Tablk E.1.

f For comparison with items A and M in Table E.1.

Source: Hixson (2002).




TABLE E4 Summary Statistics for Data Obtained for. the Legacy Waste Remaining af the 9
. . No.of
Waste ftem _ Couits Rands Avg. SDe UCLr
A RCPCulvert mder HWY 940 8 5265 % 42 6
B, Cobcrees Base of O Flag Pole 6. 847 0 M, 26 2
C. CMP Culvertunder Gata B Road M ML 41 R 7 44
D. CMP Culver: under Main Botrwace -~ 6 4566 52 "Bl 5
Road _ '
B CMP Culvert under Old Main g 4068 53 - 86 9
 F.  CMPCulvert Sowhof GMMam . - 4 . . 100-151 120 24 14D
G.  Manhols Cover ut Soullswost Cofer s PR 52 60
of Admin. Bldg. - _ : .
H  Postindicator Vahe Army Rd. 5 a0-69 51 14 59
L Water Vaive Box Ary Rd 3 £3-61 57 4 6t
1, Maghole Cover Army Rd. ' 12 . -2 150 4a 170
K. Mashole Cover Army Rd. 7] 90-180 140 25 150 |
L CMP Culvert under Army Rd. .6 129-217 166 38 1w : :)
M. RCP Culvert under Araty Rd. 6 . 14T 12 2 140 |
N.  Machole Cover Crutside Ol Main 5 54-30 65 11 5
_ Entrance SW Bell . '
CS§Sbe 208 0-67 9.4 TR L
Coucrete ' 18 33-87 Q w6 . 4
CMP Culvert 6 W44 3 9.3 ey
Masbale Cover 6 36-53 44 6.9 30
T Hydrant [ 3245 18 £7 42
RCP Culvert 6 34-66 53 13 53

& 8D = gtandiard devistion.

b UICE valoe is the wpper 95% limit of the aritimetio average.

¢ RCP = reinfuroed concrols pipe.

d CMP = corrugated metal pipe.

* Refers 10 the tlabs reenining from the chemical stabilization snd solidification (CSS) plaot.
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Picel, M., 2001, jetter from Picel (Argonne Nationsl Isborstory, Argonze, Hi. ) to T. Pealing
(U.S. Department of Energy, Weldon Spring Remedial Action Project, St Charles, Mo.)
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